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1.

The implementation of this nroject has resulted in overall
strengthening and upgrading of the R & D capability of Royal
Drugs Research Lahoratory as also in specific hard R & D
outputs.

R_& D_Strengthening

The more significant of the facilities created and strength-
ened by this project are:

o0 A modern Pilot Plant Raboratory, having multipurpose
units for processing of plants for preparation/production
of variety of natural products

o Animal House

o Biological Screening Programme
o Instrumentation Section

o Glass Blowing Section

o Economic HMapping Programme

o Up grading of the Drug Quality Contrcl! Testing & Essential
Oil Screening Programme.

Establishing coordination with agencies likely to use the
outputs of RDURL, such as Herbs Production & Processing
Laboratory, Royal Drugs Ltd. and Singh Durbar Vaidya Khana.

Reorganisation of RDRL to project based functioning of the
R & D programmes.

R & D outputs.

a. Processes/products alrcady transferred to industry.

o Sugandhakokila essentiai oil
0 Lichen resinoids
o Formulations

- Deep Heat Cream
- Anticold Antirheumatic Oil
-~ Rhubarb Laxative
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b. Processes/products likely to be commercialised _soon.

o Acrus calamus essential oil

Diosgenin from Diascorea deltoidea
Eucalyptus (cineole type) essential oil
Sugandhakokila fixed oil

Moderni sed process for Shilajeet

© 0 0 O

c. Development of Phermacognostic Standards for plants
use in Ayurvedic drugs.

Vol. 1. Covering 20 plants, already issued
Vol. 2. Covering 20 plants, under print
Vol. 3. Covering 20 plants, manuscript ready.

d. Economic mapping of 94 economically important medicinal
and aromatic plants in parts of 19 districts has been
completed and 7 reports prepared. These reports have
shown new sources for some economically important plents.

B. Perspective
o Through this project unique nucleus & infra-structure
base has been built at RDRL for R & D in the area of

Drugs and Pharmaceuticals which can be used for
achieving self-reliance in this area in Nepal.

o The project has the right perspective & the programmes
are moving in the right direction.

o This is now the challenge to the senior staff of RDRL;
to maintain the momentum and direction, to develop
self-confidence and provide the lcadership, because
ultimately there is no substitute for local hard effort
to develop self reliance; RDRL, however, will need
financial support for some time to maintain the temps
of work.

o UNIDO, therefore, must not abruptly withdraw the support
and should provide a phasing out g.ant for two years,
of $ 125000 & $ 100000 respectively, for specified
taske/projects and very selective study tour & training
programme which will give time for RDRL to dcvelop
iinks & other sources of funds.
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C.
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The instrumentation, and animal house facilities ( and glass
blowing facilities when fully operational) established at
RDRL can serve as National fecilities as these facilities
would be needed by many institutions in Nepal and are not
available in any other Institution. H.H.G. should considcr
this suggestion and draw up a suitable m2chanism of doing
this;

The Pilot Plant Laboratory would provide 3 unique facility
for upscaling and semi-commercial production and should
also be used as a National facility.
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1. INTRODUCTION

Nepal abounds in flora on account of the immens2 diver-
sity of geographical terrains and climatic conditions availa-
ble from hilly Alpine to Temperate and Sub-Tropical and even
Tropical zones, and it is estimated that about 7000 species
of higher plants sre found in Nepal. Thus a large number of
plants of established medicinal and aromatic value grew
spontaneously in Nepal, and many plants of economic and
medicinal value which do not grow spontaneously can be intro-
duced and cultivated on account of the salubrious climate
conditiors offered by Nepal.

1.1 Background:

In Nepal, there is a very old tradition for the use of
plants as medicines, both as a part of the Ayurvedic system
and as folk remedies, and at a rough estimate about 80 % of
the population uses these remedies, and it is likely to
continue to do so for a long time to come.

A large majority of the population of Nepal (over 90 %)
lives in rural areas and depends for its livelihood on
agriculture, horticulture or forest produce. Nepal has
traditionally been a great supplier of medicinal and aro-
matic plants. If these plants could be processed within
Nepal it would greatly add to the economic status of the
rural population, and also earn greater forei-n exchange,
and cutdown on import of finished products. Development and
utilization of plants resources has thus a special relevance
for Nepal. To promote this activity in the broadest sense
HMG of Nepal set up the Department of Medicinal Plants as a
part of the Ministry of Forests and Soil Conservation. The
Royal Drug Research Laboratory (RDRL) is the major research
laboratory of this Department of Medicinal Plants for carrying
out developmental research on medicinal and aromatic plants.




1.2 Research on Plants the Scientific and Economic Importance

Plants continue to occupy an important place in thera-
peutics inspite of the great increase in the number of
synthetic drugs and drugs of microbial orijin, and some
of the reasons for this are discussed below:

a. Plants are the only economic scurces for a number of
important and essential drugs which include quinine, quinidine,
morphine, codeine, papaverine, ergot alkaloids, digoxine,
vincristine, vinblastine, atropine and related alkaloids,
emetine, colchicine, sennosides, psylium mucopolysaccharide
bulk laxative. In addition,plants are an important source

of some important chemical intermediates needed for pro -
duction, by relay synthesis, of some important drugs, such

as diosgenin (for Dioscorea sp.) for contraceptive steroids
and corticoids, tabersonine (from Vocanga africana and V.
thourasii) for Vincamine and Catharanthine and Vindoline

from Catharanthus roseus for anticancer dimeric indole
alkaloids. At a rough estimate 25 % of the modern drugs
would be, directly or indirectly, of natural products origin.

b. - Most of the traditional remedies are prepared from
plants, and usage of traditional remedies in Nepal, as in
many other developing countries is very wide spread. Although
exact figures are not available but it is estimated that over
80 ¥ of the population in Nepal still depend upon these
remedies. The relevance, role and place of remedies of
traditional systems of medicine remains somewhat of a con~
troversial issue., On the one hand we have the ardent suppor-
ters of the traditional medicines who claim that for every
disease a remedy is available from traditional drugs; on the
other the protagonists of modern medicine firmly believe that
the usefulness of these remedies is grossly exaggerated.

Both these views are extremes and the truth lies somewhere
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in the middle. The fact that many of the remedies of
traditional systems were a part of a system of medicine

and were introduced through a distinct methodology, quite
scientific in the context of the tools of the time when
they were discovered, and have stood the test of centuries
of use, makes them scientifically of much interest. Chemical
investigation of traditional remedies in the last two cen-
turies, when new tools for scientific investigation become
available, provided many major drug discoveries, such as
ephedrine, quinine, emetine, morphine, digitalis glycosides,
reserpine and tubercurarine, thus fullv validating the
correctness of e-rlier usage, and more r>»cently the antimal-
arial artemisinine and hypolipidemic gugulsterone have been
added to this list. And there is no reason to believe that
more such discoveries will not follow if research effort is
continuved. Further these drugs are a part of the socio-
cultural millieu, and apart from the rural population who
by and large perforce depend ugon them, even in the most
affluent parts of the society of these countries tradi-
tional remedies arc used for common ailments. So why not
make a scientific and rational use of this vast resource.
This is the scientific aspect of the need for investigation
of traditional remedies. As at least 80 % of the population
of Nepal still uses them, their tota. turnover, although
difficult to quantify, wculd in economic value be near to
that of modern drugs. The preparation of these remedies
requires large quantities of plants, cultivated or collected
and drugs prepared locally which provide employment and
economic benefit to a large number of local rural people.
These are the economic dimension of this issue, So the sci-
entific and economic aspects of the use of traditional

remedies are important issue and cannot be over-looked,
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There is a growing appreciation of these issues by the coun-

tries using these remedies, by some of the developed countries
and the International agencies, such as the W.H.O., and there
is a greater focus now for making use of the traditional
remedies in medicare programme, particularly for primary
health care.

c. Investigation of plants and traditional remedies has led
not only to the discovery of new drugs, but, what is more
important, these structures in turn have provided useful
leads for molecular modification for discovery of new drugs,
and modern drug research has drawn heavily on such leads
obtained from investigation of plants anc traditional reme-
dies; some of the well known examples in this context are

the discovery of aspirin based on salicin, second generation
of analgesics and narcotic antagonists based on morphine,
antimalarial plasmochin on quinine, modern local anaesthe-
tics on cocaine and more recently the antiasthmatic drug
cromoglycate on khellin. A global screening programme
1nftiated and coordinated by Natiecnal Cancer Institute, N.1.H,
Bethesda, U.S.A. has uncovered anticancer activity in a
variety of entirely novel structures, which apart from the
possibility of providing anticanccr drugs, have provided new
leads for prospective anti-cancer agents. These include
camptothecin, elephantopin, maytensin and ellipticine. Plants
continue to provide useful new drugs such as the new anti-
malarial artemisinine from Artmesia annua discovered by the
Chinese scientists, which is active against the chloroquin
resistant strains of Plasmodiua falcinaram, and guqulipid

discovered by the Indian scienlists from resin of Commi-
phora mukul for hyperlipedemia.




d. Plant constituents have also provided useful structures,
which by chemical modification have led to drugs with impro-

ved or new biological activities, such as the anti-ulcer drug
carbenoxolone obtained from glycyrrhetic acid and prolactin
inhibitor bromocryptine from ergot alkaloids.

e. Plants are a renewable resource, and can be made
abundantly available.

f. Concern with pollution caused by chemical industry
makes phytochemical industry an attractive alternative.

g. The long term toxicity of drugs of synthetic origin,
which most often Hear no resemblance to natural products,
and thus are not on the evolutionary pathway, may arise out
of the inability of human bocy to handle/detoxify them.
While drugs of natural origin would in general be capable
of being handled by the human system and thus are likely to
be less toxic, and particularly preferable to synthetic
drugs, if found equally effective.

h. As most of the plants needed for manufacturing tra-
ditional remedies are commonly qrowing plants, and the
manufacturing process is rather simple, drugs of tradi-
tional system are likely to be cheaper than modern drugs.

Plants thus provide a very useful resource material for:

(i) production of drugs/chemicals of accepted economic value;
(ii) discovery of new drugs;
(iii) production of drugs of traditional systems of medicine.

Viewed in this context the present project, whose primary
purpose is to facilitate and promote the use of Nepalese plants
and Nepal Traditional remedies, offers considerable scope and
has both scientific and economic merit in it.
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The present project has as its main objective the streng-

thening the research and development capabilities of the RDRL,
and was approved by UNDP/UNIDO in December 1981.

2. Objective of the Project

There 1s special importance and relevance in promoting

the utilization of plant resources for economic & industrial
development of Nepal and for strengthening of the 3 & D capa-
bility of Royal Drugs Research Laboratory as:

A large number of plants of established industrial/
economic (particularly medicinal & aromatic) value
grow spontaneously in Nepal or can be introduced and
cultivated on account of the prevailing salubrious
climatic conditions;

There was practically no industrial productions of
phytochemicals or modern medicinal products from these
plants when the project was initiated;

Ayurvedic drugs based mainly on plants are a part of
the socio-cultural and health care traditions of Nepal
& are still used by about 80 % of the local population;

Royal Drug Research Laboratory of the Department of
Medicinal Plants of the Ministry -f Forests & Soil Con-
servation was established for cai.ying out developmental
research on medicinal & aromatic plants with the fol® .-
wing main aims and objectives:




a. Promotion of drug research; (b) development of technology
for production of plant products; (c) developing standards &
carrying out quality control of drugs and allied materials

for Department of Drug Administraticn (DDA) of Nepal; (d) pro-
viding technical guidance for establishing drug industries in
Hepal; (e) helping in the better utilization of Ayurvedic drugs.

In view of the central position occupied by RDRL in the
development and transfer of technology for production of plant
products in Nepal and in keeping with the UNIDO's objectives
of promoting the utilization of plant resources and helping
industrial production; UMIDO approved this project princi-
pally for institutional strerqgthening of RDRL to enhance
its R & D capabjlity to:

1. promoting industrial production in Nepal by develop-
ing technology for products of established economic
value based on plants available by spontaneous growth
and or by cultivation;

2. promoting the utilization of Ayurvedic Drugs;

3. developing drugs to be used in modern medicine from
Ayurvedic drugs or plants growing in the wild in Nepal;

4. strengthening the quality control testing capability;

The immediate project objectives were:

1. Enhancing R 8 D and pilot plant production capability
of RDRL for processing of plants;

2. Developing production technology for products of
estabhlished economic value bhas~rd on plants available from
the wild or by cultivation;

3. Developing quality control standards for Ayurvedic
drugs particularly for those thal are used in the primary
health care programmes. This will include developing pro-
cedures for quality control and modernising methods of pro-
duction where po.sible;




4, Developing formulations based on Ayurvedic druqgs
for use in modern therapeutics;

5. Screening of plants growing in Nepal for essential
oil content.

6. Carrying out biological screening of plants collected
from different parts of Nepal for development of new druys;

7. Strengthen the Royal Drug Research Laboratory to
serve more effectively 3s the public analyst laboratory for
herbs and related products & for quality control testing for
DPrug Adiministration in Nepal.

8. Carrying out economic mapping of plants of establish-
ed economic value and to establish crre of trained staff who
could continue this work on a long term basis;

9. Establish organic linkages for greater co-ordination
of activities of RDiIL and other institutions which rely on
its outputs.

A.Institutional Strengthening of RDAL

A.1.R & D Conability Strengthening

There has been a considerable overall strengthening and
vpgrading of the R & D capability of the Roval Drugs Research
Laboratory as a result of the implementation of this project
(Annex - 1 & 2 ).

Among the specific objectives set to be achieved as 3
result of tais strengthening RDRL, the progress has been as
follow:

a. The drugs and essential oils quality control testing
capability of the RDRL has been considerably enhanced, and
it is now serving more effectively as a Public Analyst
Laboratory for herbs, drugs ond related products and as the
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Drug Testing Laboratory for the Department of Drug Adminis-
tration;

b. The analytical and phytochemical facilities in RDRL
are now at an advanced level, and analysis & isolation of
chemical constituents of essential oils or of other plant
constituents can be and is routinely carried out;

€. A good nucleus of an animal houce has been established;
it will, however, need further expansion to provide adequate
number of animals for biological screening;

d. A good start has been made in establishing primary
biological screening procedures for new drug development,
certain strengthening in staff and expertise in pharmacologi-~
cal testing and preclinical toxicological evaluation would
be needed;

e. The economic mapping is well under way; although it is

a long term endeavour and nec:ds to be completed with patience
and preserverance, but what is important is that a good core
staff has been trained in this activity and would be able

to carry out this work or a continuing basis;

f. The pilot plant at Godavari is now completely installed

and provides excellent multipurpose unit processing facilities
not only for processing of medicinal & aromatic plants but

also for some simple organic synthesis operations; the operations
have shown some shortc.mings in design of some of the pieces of
equipment as pointed out by the Expert of Process Technology
(Annex 4) and need to be rectified;

g. The laboratory now has the nucleus of 3 Glass Blowing
Section which will get fully operational when the equipment
which is on order, arrives; the expert is proposed to be
fielded after the rest of the equipment is received;

he The laboratory now has also nucleus of an Instruments
Maintenance Section with technicians trained abroad as also
with the expert fielded for on-the-spot training.
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A.2 Inter-institutional Co-ordination

A.3

As one of the outputs of this project is the dev:lopment
of appropriate technologies foir the indigenous production of
industrial products based on Nepal's existing and potential
resources of medicinal & aromatic plants, Joint Co-ordination
Committees have been formed and Herb Production & Processing
Co. Ltd. (HPFCL), Royal Drugs Ltd. (RDL) and Singh Durbar
Vaidya Khana (SDVK) ss these organisations are likely to
undertake industria’ producticns based on technologies
developed by RDRL (RDRL's output would be their input).

This should lead to joint identification of the projects, and
mutual consultation and monitoring of the progress, which
would lead to better utilisation of R & D outputs. For each
specific task, separate Task Fcrce Commjttees have been
formed with a Convener, who would convene the meetings and
keep record of all the meetings and monitor the progress.

It was decided that the JCC's would meet every 2nd
and the proceedings of each meeting would be minuted and

month

circulated to the members for follow-up action which the
Task Force Committees would meet more frequently. A record
of Joint Co-ordinaticn Committee meetings held is given
as Annex ~ 5.

Project Based Operation of R & D Vork of RDRL

With a view to sharpen the multidesciplinary focus of
R & D work, to make optimal use of the available resources
and scientific staff and to time-schedule the work, project
based working has been introduced for RDRL research & develop-
ment work. There are about twenty on-going projects in the
laboratory at the present and all the scientific & technical
staff is allotted to one or more of these projects. Each
project has a3 Task Force, diawing in scientists from differ-
ent desciplines with a Convener. The [ask Forces are required
to meet at least once a month to review & monitor the progress
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of work and plan future work. All the project group conven-
ers form the Project Evaluation Cell with D-G as the Chair-
man which meets at frequent intervals to review andg moni tor
the entire work of RDRL, and also to approve any new project
to be started.

Scientific Seminars & Lectures i

One measure of the scientific vitality and strength of
a research laboratory is the frequency at which scientific
meetings and seminars are held. RDRL has now a regular
Lectures and Seminars programme which helps to keep the
scientists excited & abreast of recent developments and
the various seminars & lectures held are given in Annex - 8.

RDRL and its associated institutions are amongst the
best staffed and equipped lahoratories in Nepal and could
serve as centres for post-graduate training. It is ho; od
that Tribhuvan University /T.U.) will recognise RDRL as a
centre for post-graduate research and for senior staff of
RDRL to act as supervisors. This will greatly add to the
scientific strength of RDRL; a student population alvays
add to the vigour and dynamism of a laboratory. T.U., will
benetit by its students getting good post-graduate training
in a well equipped laboratory. A formalised academic relation
between T.U. and DMP/HMG will greatly enhance the post-
graduate training facilities in Nepal.
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R & D OUTPUTS

Project No.l To develop process technoloqy on pilot scale for
production of diosgenin from Dioscorea deltoidea.

Background:

Dioscorea deltoidea, known in Nepali as Vyakur, is a

climber belonging to the family Dioscoreaceae. It is distributed
between 900M - 3000M throughout Nepal. These tubers are
valuable source for the production of dicsgenin which is tr:?
raw material for production of many steroidal drugs such as
corticosteroids, sex hormonzs etc. With a view to initiate
the establishment of an indigenous steroid industry, the
production of diosgenin seemed a very useful starting point.
Survey analysis of dioscorea tubers harvested from different
localities showed the diosgenin content varied from below

1 % to above 7 % depending upon the age and localities of
collection of the tubers. The availabilities of the tubers
could not be assessed conclusively.

Work was also conducted on the conversion of diosgenin
Lo various steroid drug intermediates. It was possible to
convert diosgenin to 16 - DPA on a scale of 100 gms dios-

genin with a yield of about 50 %. Similarly conversion of
16 - DPA to DHA has also been carried on a laboratory scale.

Upscaling will be carried out subject to the availability
of large quantity of diosgenin.

Objectives

Development of process for production of diosgenin
from D. deltoidea tubers.




On the above context, it was considered necessary to
develop the complete technology for extraction of diosgenin
from dioscorea tubers and trasfer it to an entrepreneur
for its potential industrial exploitation. The diosgenin
that would be produced can either be used in home steroids
industry or exported.

1.3 Work done

Optimisation studies of the two steps in isolation
of diosgenin from the tubers, viz. (A) acid hydrolysis of
the plant material and (B) solvent extraction of the
hydrolysed plant materials were carried out.

A. Hydrolysis.

e plant material was first soaked overnight in water
and disintegrated. This was boilnd under reflux with 10 times
(w/v) of 2.5 N sulphuric acid for two and half hours in
15 kg batch size in a haste alloy reactor. The time of
hydrolysis and the ratio of acid was determined earlier by
benich scale study. The ratio was successfuily cut down to
1.5. Four batches were conducted using 30 kg of tubers. The
yield of the hydrolysed mass was 30-35 % containing
8.5-10 % diosarnin starting from a plant material containing
2.7 to 3.5 % Jdiosgenin.

Recycling of the acid remaining in the filtrate after

hydrolysis vas also investigated. Analysis showed it to
be 50 % weaker than the starting concentration. This was
made vp by addition of fresh acid. This could be done for 3
cycles when the filtrate became too dark. This contained

. many impurities which affected the ultimate purity of the
product. In view of this and the fact that the acid
contributes a relatively small percentage to the total cost
of the product it was considered better to use fresh acid

for each batch.




Fabrication of Haste alloy or glass lined reactor
can be quite expensive, so the posibility of using open
wooden vat for hydrolysis wvas considered. One another problem
is the filtration and freeing the hydrolysed product from
adhering acid. There is a high loss of plant material as fine
particles and choking of the filter bag during that operation.
Hydrolysis study on 100 - 150 kg batch is being tried on
newly constructed wooden vat of 1500 litres capacity with
7-8 % sulphuric acid for 3-4 hours. The effect of using
the plant material as large as 25 mm without prior dizinte-
gration is being tried. This work is in progress.

Solvent extraction

The commonly used solvent in this extraction is benzene
or hexane. Extraction with n-hexane carried out in the Haste
alloy reactor and S.S. Concentrator at Thapathali resulted
in a high loss of the solvent. In view of the difficulty of
obtaining hexane or benzene in Nepal, use of alternate
solvents is considered necessary. A comparative study was
conducted using . kg hydrolysed mass with the following
solvents: (1) Petroleum ether, 60-80°% (2) toluene (3) xylene
and (4) ethyl alcohol. It was found that ethyl alcohol has
the High dissolution power but brinas out many other substances
along with diosgenin and that petroleum ether is the least
powerful solvent but brings out the least amount of
unwvanted substances.

A detalled comparative study was conducted with ethyl
alcohol and petroleum ether on 250g (hydrolysed materials)
acale. It was found that it is possible to purify the
crude diosgenin obtained from alcohol by recrystallization
from dichloromethane and ethanol to obtain a sample of 90 %X
purity (c.£.92 % from petroleum ether extract) with a recovery
of 5.3 % (c.£.4.9 % from petroleum ether extract).




Table

1 kg batch of Hydrolysed Druq.

- Batch * Batch * Solvent * Volume of * Volume of * Dried Powder

No °* size * used * Solvents ' Recovered ° Diosgenin % of
.. ’ * Litres * Solvent * the hydrolysed mass
. ' y * Litres d

1. * 1 kg ‘Petroleum ° 15 . 9 ’ 5.18
. [} Ether . [] 1]

. *(60-80° ) - . .

2. * 1 kg ‘Toluene . 14 . 9 * 5.81

3. * 1 kg ‘Xylene * 13 y 9 ’ 4.68

4. * 1 kg ‘'Ethyl ’ 17 ' 11 ’ 6.55
* *Alcohol ’ * ’

1.4 Conclusion:

‘Hydrolysis.

Problem in crushing of crude drugs and filtration of
the crushed hydrolyed drug which resulted in loss of fine
hydrolysed drug and clogging the filter cloth in its
filtration. This is being overcome by hydrolysing precut
(about 25mm size) and driea tubers directly with acid. One
experiment of 100 kg gave satisfactory result. Work is
continued for optimization of hydrolysis.




Extraction.

The results of the study show that ethyl alcohol is
a good solvent for extraction of diosgenin from the
hydrolysed drug. An appreciable quantity of the solvent will
remain in the marc. Recovery of the solvent would be done
by flushing the marc with live steam. This would result in
loss of an appreciable quantity of dilute alcohol. A study
vill be conducted to find out the cost of recovery of
solvents and its rectification and purification of crude
diosgenin.

suture work

Continuation of ongoing hydrolysis studies of dioscorea
tubers in open wooden vat in 100-150 kgs batch size will
be continued to optimise the acid concentration and time of

reaction and other parameters. The same is under progress.-

Further comparative work on extraction of the hydrolysed plant
material using n-hexane and ethyl alcohol on Pilot plant

scale. This would also include study on rectification cost

of dilute alcohol. Modification of the existing versatile
extraction unit acquired under the project to suit rectification
has been initiated.

Team member

1. A.D. Shrestha

2. Dr. K.R. Amatya
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Project No.2 To develop process for production of

Belladonna extract containing 3 » alkaloids

2.1 Background

2.2

3

Belladonna is wvell established medicinal plant with good
economic value. Although not indigenous to Nepal, it can grow
well in more parts of the country. Its cultivation has been
extended to the farmers' level by the joint efforts of the
Departmen. of Medicinal Plants and M/S. Herbs Production
and Processing Co. Ltd. (HPPCL). The present produce of the
farmers is processed to supply liquid extract to M/S. Royal
Drugs Ltd. and also exported in crude form. There is a
possibility to expand the cultivation of *he crop and value
added product can be made by standardising the extract to a
known & high alkaloid content. The present project has been
initiated with the development objective of obtaining extract
of 3% and 6 ¥ alkaloid content belladonna leaves, which have
a ready international market.

Objective:

Development of a process for belladonna extract from
belladonna leave containing 3 % and 6 ¥ total alkaloids.

Outputs

A preparation containing 3 % total alkaloids has been
prepared on the bench scale followed later on the pilot plant
scale. A sample was supplied to HPPCL for market evaluation.
1t was reported back by HPPCL that the product though stable
in the laboratory deteriorated in the trade.

On the suggestion of HPPCL, processes for products
containing highev percentage of alkaloid have been developed,
which are likely tc be more stable; two products have been
prepared which contain 70% and 90% total alkaloids. The reco-
very, yield, alkaloids content and stability have bcen

oo/




standardised in the laboratory scale. The processes are going
to be studied on the pilot plant scale in the near future.

Future work

Process for belladonna extracts containing 3 %, 70 ¥ &
90 ¥ total alkaloid have been standardised on a laboratory
scale. The market acceptability of these products as also
the production on pilot plant scale and extended stability
will now be studied.

Project No. 3: To develop a process for the

production of resinoids and absolute from Lichens

Background

About 400 different species of lichens grow ih the
wild in Nepal. Some of the lichens are of great economic
value as food, fodder, dyestuffs, perfumery materials and
for tanning. It is estimated that over 1000 tons of dried
lichens can be harvested aanually from 55 districts out of
a total 75 districts of Nepal. A substantial emount of the
lichens are exported in the crude form.

It was considered important to develop technically
viable method foxr the production of resinoids and absolute
based on the Nepalese lichens(such as from Parmelia nepal-
ensis) and carry out @ market survey for its accessibility

in perfumery industry.

1. Identification of lichens cccuring in Nepal.

2. Selection of suitable process for extraction.

3. Development of Chromatographic and analytical method
for assessing the quality of the extract,

cc/oa




- 19 -

4. Development of suitable method for the preparation
of odourless alcohol used in the preparation of absolutes.

: 3.3 Qutputs

1. About 25 different lichen species occurring in Nepal have
been botanically identified and preserved in the Herbarium
at Godavari.

2. Identification of the various species present in the
market sample of lichens was carried out. Of the com-
ponents identified Parm%ha nepalensis constitute 70%
of total. Remaining 30 % consisted of Parmelia nigheren-
sis, Usnea thonsonii, Ramalina subcomplanta, Usnea sps.

3. Normally hydrocarbon solvents are used for the
extraction of resinoids from lichens. In Nepal hydro-
carbon solvents are expensive as compared to ethyl alco-
hol. Therefore a comparative study was made using ethyl
alcohcl, n-hexane, benzene, toulene, petrolcum ether

(40 - 60%) as extracting solvent.

Extraction methods involved: (a) cold rercolation;
(b) reflux and (c) soxhlet extraction. A Preliminary
cvaluation of the extract was carried out, based on
their yield, colour, consistency and ocour. Lichens
extracted with hydrocarbon solvents yielded between
1.0 to 2.87 percent resinoid, whose colour varied from
vhite, yellowish to light green. Vhile the colour of the
benzene extract was acceptable, the odour, however, was
not of the required quality. The alcoholic extract of
lichen yielded between 3 - 19% of resinoid with accepta-
ble odour and consistency and dark brownish in colour.
The odour assessment was kindly corried out by Dr. G.D.
Kelkar of M/S. S.H. Kelkar and Company, Bombay. The
products obtained by different extraction procedures
have also becen evaluated by HPPCL. Taking an overall
balance of yirld, colour and odour the product obtained
by ethanol eatraction seems to have the best commercial
prospects.
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HPPCL, therefore, has adopted the alcoholic extraction

method and the product is sold in the international market.

4,

S.

A thin layer chromatography (T.L.C.) method of analysis
of the resinoid extract was developed. The method was
emploved to check the quality of commercial extract
produced by HPPCL. TLC profile of the standard extract
prepared in the laboratory and that of commercial extract
are found identical. The method is useful to control the
quality of different batches of commercial exiract of
lichens.

In order to develop a suitable method for the prepara-
tion of absolutes from lichen extract odourless alcohol
is requirecd. Amongst the different methods tried, the
following method yielded an alcohol sample of acceptable
odour: A mixture of rectified spirit and water is disti-
lled. The middle portion distillate is treated with lead
acetate and potassium hydroxide and the alcohol is decan-
ted followed by redistillation. The alcohol thus obhtained
has light alcoholic odour with pungency much reduced.

Conclusion

A method of extraction of resinoids of lichens has bcen

worked at the laboratory scale. A chromatographic method for
quality control of lichen extract has been developed. HPPCL
has commenced extracting lichens and a n~w product "LICHEN
RESINOIDS" has been successfully launched in the international
market.

coofoece
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Project No. 4: To produce pine needle 0il from Abjes species

4.1 Background

Pine trees are widely distributed in Nepal and as
forest product constitute one of the important natural
Iresources of the country. Pine tree produces abundant
leave: which on distillation vield pine needle oil. This
oil has commercial value. In order to utilise this natural
resource a programme to investigate the pine species of
Nepal as a commercial source of pire needle o0il was ini-
tiated. The following gives a brief account of this work.

4.2 Objective

a. To investigate . rious pine species of Nepal as a
commercial source of pine needle oil.

b. To develop a method for production of export grade
pine needle o0il from pine needles.

4.3 Methodology

3. To collect pine needle of right species

b. . To distill the plant materials in lahoratory scale
and to determine the quality,

Ce. To distill the plant material in pilot plant.
d. To evaluate the techno-economic feasibility of the oil.

4.4 Progress of the work

The following pine species have been jdentified as
of potential economic value for processing.

a. Abies pindrow

b. Abies spectabilis
C. Pinus wallichii

d. Pinus roxburghii




Ce. Picea smithiana

f. Cedrus deodara -

The relative abundance of these is described in the .
report of project No. 20 dealing with economic mapping.
All of the above pine species are found growing wild in
Western Nepal. But the first four are distributed in
other parts of the country also.

4.4.1 Chemjcal investigation

Pine needles and ccnes of Abies spectabalis have so far
been investigated. These were collected from Rasuwa and
Dolakha districts. Cil content of the needles varied between
0.22 - 0.48 %. The chemical constituents of the oil are
tentatively identified as J{-pinene, g-pinene, camphene,

limonene and bornyl acetate by usin SC and TLC methods.
Bornyl acetate, the major constituent in the Dolakha
sample, was isolated and its identity confirmed by com-
paring its IR, TLC, and GC with authentic bornyl acetate. .

4.5 Future work plan

_ Investigation on pine needles collected from various
parts of the country will be continued. On the basis of the
work carried out at RDRL a commercial scale distillation
of pine needle o0il at a suitable location will be reco-
mmended.
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Project No. 5: Production of fixed oil from Sugandha Kokila

spent berries

Background

Sugand Kokila berries, on distillation yield a volatile
oll which has been developed into an industrial product. The
spent berries of Sugandha Kokila left after the volatile oil
distillation have been investigated for possible production
of by-products which will add to the profitability of the
project. Laboratory examination indicated that the berries
are rich in fixed o0il which may find some application.
Keeping this factor in mind further investigation of the
0il was made and the results obtained during this study are
briefly described below.

Objective

To standardise a process for production of the fixed
oil from spent berries of Sugandha Kokila.

To explore possible uses of the fixed oil of Sugandha-
kokila berries.

Study of fixed oil of berries

Sugandhakokila fruits consists of two parts: Pericarp
6 % and seed 39 X¥. The petroleum ether (48°- 80°C) extract
of the pericarp yielded a concrete (23 ¥) while that of seed
yielded fixed oil (48.5 ¥). On the other hand, the yield of
the concrete and fixed oil from spent berries were 17.5 and
52 - 62 ¥ respectively. The yield of fixed oil, however,
depends on size of the seeds and the solvent used.

Investigation to determine the chemical constituents of
the Sugandha kokila fat was undertaken. The almost solid
nature of the fat obtained influenced to compare its chemical
constituents with the sal seed fat which has industrial




5.4

application mainly due to its semi-solid characteristic
at room temperature (such 2s substitute for coco butter).
A comparision of physico-chemical constants ind chemical
constituents between the Sugandhakokila seed fat and sal
seed fat was made. The result of this comparision led us
to draw the following conclusions:

a. Sugandhakokila fat is more saturated (iodine value:
9.8) than sal seed fat (iodine value: 37.45). The
saturated fatty acid content of sal seed fat is about
46 % whereas that of Sugandha kokila fat is about 95 X.

b. Unlike sal fat the Sugandhakokila fat is made up of
capric (11.4X%), lauric (79%) myristic (2.5 ¥) and
palmitic (1.95 %) while the four major acids of sal
seed fat are oleic (41.9 X), stearic (37.7 %), palmitic
(8.3 %) and linoleic (2.8%).

€. A close examination of the chemical constituents of
Sugandhakokila fat suggests that it resembles more
vith coconut fat so far as the major constituents are
concerned. ,

Joxicity Test

Some exploratory toxicity studies on the fixed oil have

been carried out which are as follows:

a. In skin irritation test carried out in rabbits acccrding

to standard methods no adverse effect was observed.

b. Acute toxicity was carried out in mice. In this test
it was observed that no animal died up to a dose of

10 m1/kg of oil up to a period of 4 weeks. No significant

gross observational changes were observed during this
period.

ceeens
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5.5 Conclusions

6.1

a. The fat consists of high percentage of lauric acid,
and appears to be a good source for this industrially
important chemical.

b. The fat may find uses in textile, soap, cosmetic, food
plasticisers and pharmaceutical industries.

Project No. 6: a. Production of high quality Rosin and

Turpentine
" b. Production of Pine oil from Turpentine

Dackground

Rosin and Turpentine alsc known as naval stores is an
important forest product. There are already two factories
in Nepal, one large one with an annual capacity of processing
4000 tons of gum oleoresin located in Kailali District,Far
Viestern Development Reaion and one smaller one with an an:ual
capacity of 200 tons situated in Bara District, Central
Development Region, A third one of large size is being planned
in Banke District, Mid Western Development Region. It is
estimated that 18,000 tons of gum oleoresin can be produced
annually by tapping the existing chirpine (Pinus roxhurghhi)
forest (Ref. Department of Forest). These figures indicate
the high potentiality of Rein & turpentine industry and
industries based on its downstreem products.

The project is intended to provide R & D support to the
Rosin and Turpentine industry of the country. At the time
of the initiation of the project the distillation factory
at Kailali was being established with the assistance of the
USSR. This factory is now under operation under the organisa-
tion named Nepal Rosin and Turpentine Ltd. (NRTL) and the
smaller scale factory of HPPCL at Bara Di.trict is processing

Y
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about 100 tons of gum oleoresin annually. As an R & D support
to these industries preparation of quality control standards,
improvement of the quality of products, development of pro-
cess for derivatives and other downstream products from
rosin and turpentine were considered to be essential.

6.2 Objective

a. Production of pine oil from turpentine.

b. Preparation of quality control standards for rosin
c. Production of high quality rosin.

d. Preparation of derivatives of rosin.

e. Preparation of derivatives & downstreem products
from turpentine.

Outputs produced and problems encountered

3. Production of Pine oil from Turpentine

A process was developed for the production of pine oil
from turpentine containing about 28 % total pinenes, using
2queous sulphuric acid and acetone on 500 ml turpentine
scale. The terpineol content as determined by g.l.c. and
B.S.1. method (chemical) was about 20%. The quality was
considered satisfactory by HPPCL.

However, in view of the high cost of acetone & its
fire hazard, development of a process avoiding the use of
organic solvent is under progress. Use of a surfactant is
also being tested.

b. Preparation of guality control standards for rosin

c. and production of high quality rosin.

Bench scale studies on improvement of the quality or #
rosin were conducted using orthophosphoric and oxalic acids
for removal of iron in the oleoresin before distillation.

coefen
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Different characters (physical and chemical properties) of
rosin such as acid number, unsaponifiable matters, colour
opades, softening points, insoluble matter etc. were studied
for fixing standards and grading. Several samples of rosin
were submitted to HPPCL for assessment. They have approved

two of them. However, NRTL factory has now come into operation.
It uses modern technology for producing rosin of internationally
accepted standards. Considering thus this activity has been
dropped for the time being. Nepal Bureau of Standards (N.B.S)
has a programme to pPrepare standards for rosin in the near
future. The three organisations: N.B.S., NRTL and RDRL shall

be involved in fixing a practical and acceptable standard

for rosin.

d. Fractional Distillation of Turpentine

This study was taken up to gain some exporience in
isolation of the components of Nepalese turpentine for
subsequent use in preparation of downstreem products. The
study was undertaken on 250 ml scale and subsequently on
5 1. scale. It has been possible to obtain fractions con-
taining 85 X alpha pinene and fractions containing over 95%
carene starting from turpentine containing 12 X alpha pinene
and 60 X 3-carene using 1:10 reflux ratio.

e. Preparation of derivatives of Rosin

(i) Adducts of Rosin: Among the several derivatives of
rosin fumaric adduet was considered first. A preliminary
survey of its demand in the Indian market was carried out,
This indicated that the demand for this product was not
so high. The work was switched over to maleic and phenol-
formaldehyde adducts. The work on the former is making good
progress. A chromatographic method for monitoring the progress
of the reaction is being studied. Parameters for the reaction
is being standardised. A fusther work of ahout two months
should be adequate for taking up pilot plant scale studies.
Pilot plant study shall require a reaction vessel which
can attain 160 - 190°C.

ceelons



- 28 -

(ii) Esters of rosin as well as its adducts and other deri-
vates such as hydrogenated, disproportionated etc. are in
demand for paints and printing ink industries. To start with
esters of raw rosin has been taken up. An ir spectroscopic
method for monitoriny the nrogress of the reaction has been
developed. The products have been tested according to I1.S.S..
Process for producing glycerol ester of raw rosin has been
standardised in bench scale. Two more months on bench scale
should te adequate for the penterythritol ester.

Fabr1cat1on of a reaction vessel for reaction in the range
of 300°C under inert atmosphere is required for pilot plant
study. The possibility of cunversion of a 250 1. s.s. reaction
vessel possessed by RDRL for the purpose is being explored.

d. Derivatives and downstream products from turpertine

Possibility of develomment of processes for useful
compounds besides pine o0il (terpineols) was explored.
Hydroxymethyl carene and its acetate were prepared. These
compounds, however, do not have demand in the market. "Carene
acetate” is an well established perfumary item. Methods for
its production is heing searched in the literature.

Linkage between RDRL and NRTL

RDRL has been able to develop a qood rapport with the
main producer of rosin and turpentine in the country, NRTL.
The R & D work is going to be formally sponsored by HRTL.
A proposal has been submitted to it and is awaiting appro-
val and formal signing of agreement between NATL & RODRL.
The processes developed shall be transferred to NRTL.

Constraints and their solution

8. Nonavailability of proper reference material has been

a major constraint. It is necessary to acquire reference
materials in the field of paints, varnish and related materials
in which the derivatives of rosin are used.
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b. The workers of RDHL, who are at present working in this
field lack any exposition with related work in other countries.
It is suggested that they are given short and long term trai-
ning, sent on study visits to institutions and industries of
related field in other countries.

€. A process technologist is required to be attached with
the project so that he can identify the parameters of various
processess that are required to be determined at the develop-
ment in bench scale stage and for d951gn of pilot plant and
finally of manufacturing unit.

d. Laboratory equipments and instruments specially g.l.c.
and accessories for HPLC should be consolidated. The glass

blowing capability is inadequate at present to the require-
ment of the work and needs reviewing.

e. Market survey and nonavailability of standard samples
has been a serious drawback in the progress of the project.

f. In view of the work that has to be completed within a
fixed time the manpower available has been inadequate, It is
suggested that it is strengthened so that the work required
can be completed to meet the requirement of the client
industry (NRTL).

6.6 Future Programme

a. Completing of the ongoing process developnent activity
of pine oil and terpineol without the use of organic solvents.

b. Completion of process development for fractional disti-
llation of turpentine for production fo «-pinene, g -pinene,
3-carene and other components,

¢. Pilot plant. studies on production of glycerol and
penterythritol esters of Rosin.

d. Pilot plant studies on production of maleic adduct
of rosin.

e. Process development of other rosin derivatives.
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f. Process development of carene acetate and other useful

perfumary compounds from carene, pinene and other compounds
of turpentine.

g. Polymers from turpentine.
h. New derivatives & downstream products from rosin.

i. Alkyd resins.
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Project No.7: Production of standardised total

alkaloids of Hauwolfia serpentina

7.1 Background

Rauwolfia drug is the dried root of Rauwolfia
serpentina (Lian) Bentham ex kurz. (Fam. Apocyanaceae),
sometimes having fragments of rhizomes and aerial stem
based attached. It contains not less than 0.15 % of reserpine-
rescinarine group alkaloids, calculated as resorpine.

The pl-at is distributed in Nepalaunj, Bheri, Chhepatar,
Letanq, Tarahara, Mayakhola and iiaquwa at an altitude of
180 m to 760 m. It is also cultivated in the herbal farms
of the Department of Medicinal Plants in an experimental
basis. Now the hcrbol farms are extending its cultivation
extention programme in the farmers level.

Rauwolfia serpentina root is used mainly as an
antihypertensive and as a tranquillizer. Hoyal Drugs Ltd.
has shown interest in the production of preparations
containing Rauwoifia to introduce in the market,

7.2 Objective
Royal Drugs Ltd. has a programme for the production of
tablets of total alkalo.ds of Rauwolfia containing 0.1 mg
of reserpine per tablet. Hence this project was undertaken
as per the recommendation of the joint coordination committee

to develop tcchnology for extraction, formulation and to
work out the quality control method of the products.

Lahoratory scale works in liauwolfia serpeniina was
cdarried out by percolating the powdered drug in 90 % alcohol.
The percolate was contentrated by means of a rotavapour.
Analytical reports and yields of the extract are mentionad
below,
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Batch size in the laboratory scale was 500 gms and the
yield of the extract was about 50 gms.

Total alkaloid content in the crude drug = 0.835 percent.

Reserpine like alkaloids content in the crude drug = 0.0293
percent.

Total alkaloid content in the extrizi = 8.4629 percent.

Reserpine like alkaloids content in the extract = 2.0804
percent.

Pilot scale operation in 20 kg patch size was carried
out at Thapathali fascilities by percolating the powdered
drug with 90 % alcohol. The percolate was concentrated under
vacyum concentrator below 60°C. The yield of the extract
was 3 kg containing 6.559 % total alkaloids and 1.887 % of
reserpine like alkaloids.

600 gms of the extract was supplied to Royal Drugs
Limited for its approval. About 5000 tablets containing
2 mg of total alkaloids in each tablet were prepared and
about 3000 tablets were supplied to Royal Drugs Ltd. for
approval.

As per discussions with Royal Drugs Ltd. preparations
of Rauwolfia tablets containing 0.1 mg of reserpine like
alkaloids is desirable. Hence this preparation is in process.
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7.4 Future Programme

1.

2.

Standardisation of Pilot scale operation to prepare extract
at Godawari Pilot Plant facilities using versatile extraction
units.

Preparation of Rauwolfia tablets containing 0.1 mg

of reserpine like alkaloids in each tall-t and supply

to Royal Drugs Limited for approval.

Development of analytical method for the assay of

reserpine like alkaloids in the extract.
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‘Project No. 8 Production of slandardised total extract of triphala.

1.1 Background

Triphala is one of the mo~*+ important drug of the
Ayurvedic system. It is a mixture of equral parts of three raw
drugs: Terminalia belerica (barro), Terminalia chebula (harro)
and Embilica officinalis (amia). As it is a mixture of raw drugs

it provides problems in dispensing. With a view to develop a
more convenient and suitable formulations, the preparation of
a standardised Triphala extract was undertaken at the

instance of Poyal Drugs Ltd.
1.2 Objectives:-
Production of standardised triphala extract.

1.3 Methodology:-

Alcoholic extract:~

Alcoholic extract of each of Termirnsisia belerica,

Terminalia chedula and Emblica officinalis were determined

separately. 50y of each of the powdered fruits of these drugs
were extracted separately with 50 ml of 90 % alcohol by

percolation. The yield of alcoholic extract was as follows:-

‘fTerminalia belerica - 0.52 %
Terminalia chedula - 0.38 %
Erbilica officinalis - 0.31 %




Water extract of each of these drugs vere determined as follows:-

Dried fruits of Terminalia belerica, Terminalia chedvla
and Ewbilica officinalis were powdered and 50 g of each of these
povder was extracted separately with 50ml of distilled water

by percolation. The water extract was concentrated under reduced
pressure at 40°C to a thick syrup and was further dried in a
vacuum desciccator over calcium chloride, The yield of water
extract wvas:-

Terminalia belerica - 5.31 %
yerminalia chedula - 4.82 %
Embilica officinalis - 5.96 %

1.4 Preparation of Triphala:-

50 g of each of the powdered dried fruits of Terminalia
together and extracted with distilled water by percolation. r'he
extract was concentrated under reduced pressure at 40°C to a
thick syrup and was further dried in a vacuum descicator over

calcum chloride. The yield of triphala water extract was 21.1 % .

The extract was found to be very hyqroscopic. It has so
far not been possible to piepare a desirable formulation from
it which —ould be easily handled.

1.5 cConclusion:~-

In view of the interest shown by Royal Druas Ltd this
project was undertaken . But due to the hyqgroscopic nature of
the product, Royal Dru~s Ltd. did not want to pursue the project.
It was decided to terminate this project.

Team members:-
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Project No. 9 Processing of Crude Shilajeet for Ayurvedic use.

Background

Shilajeet is one of the most important & presteq2ous
Ayurvedic drug. It is used for many diseases such as hypertension,
diabetes, geneto-urinary infections, jaundice. According to
Charaka, the great practitioner of Ayurvedic system of
medicine: " There is hardly any curable disease which can not be
controlled or cured with the aid of Shilajeet”. Shilajeet
vhich is an exudate on mountaneous rocks of Himalayan region
is an exportable item of Nepal. A small amount of Shilajeet
is processed by Singha Durbar Vaidya Khana (SDVK) and other
Ayurvedic drug companies of Nepal. These companies employ
traditional technologies to process crude Shilajeet into
refined * Soft” Shilajeet and the period of processing varies from
40 days to 4 months.In view of long processing period SDVK sought
technical help from RDRL to simplify the process and cul down
the cost and time. The present study aims to workout suitable

methodology for processing of Shilajeev.

Objective

a. To improve the method of production of processed

Shila jeet.

b. To develop method for quality control of Shilajeet.

9.3 Methodology

a. To study the traditional technoloqgy and Jdevelop a
suitable method for processing of crude shilajeet.

b. To evaluate the process and provide sample for

evaluation by SNHVK.

c. To develop standards for examination of crude/raw
& processed shilajeet.
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9.4 Process Development

rRav shilajeet, that is commercially available contains
. varying proportion of impurities stretching from rock pieces
to very fine clay like substances, and needs extensive puri-

- fications prior to its usc.
The main operations in its refining involve.

a. Crushing
b. Extraction with water
c. Filtration

d. Concentration.

Crushing

The physical condition of the raw material available varied
from soft to hard lumps. In case of hard briltle iot jaw
crusher may be used. Since small lots of sample were made

available, crushing has becn done mannually.

Extraction

To understand the physical characteristics of its dissolution,
filtration and concentration a few batches of processing

by room temp acqueous extraction have been carried out. Of

the following problems faced during experimental studies

both on bench scale and pilot plant, filtration and concentration
due to frothing, the latter has been successfully solved.

Trial experiments to improve the filtration process is being
continued. The results of processing of some batches of

Shilajeet are given in the followving table.
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Table
Rav material Soft Extract
20 kg 9.7 kg
97 kg 36.0 kg
100 kg 34. 0 kg
50 kg 21.5 kg
35 kg 14.0 kg

In onder to improve the processing method a few more
batches were processed using water preheated to 50°C and stirring

mechanically. A marked improvement in the overall performance
has been noticed. This process will be evaluated for its
suitability to adopt in an industrial scale.

Acceptability of Soft extract by SDVK

Soft extracts of Shilajeet obtained during the above
studies vere provided to SDVK for product evaluation. The
SDVK confirmed in the co-ordination committee Meetings that
the sample is acceptable to them and also to the patients who

reqularly take shilajeet.

Analytical wvork on Shilajeet

.Rav Shilajeet is prone to be adulterated. In order to
ensure the authenticity of shilajeet standards for qualitative
examination of crude / raw Shilajeet have been drveloped.

As the active constituent of Shilajeet is not known, it was
decided to fix its quality control standards with some
constituents which are commonly present in all thc samples

of Shilajeet tested so far. It was found that amino acids and




ben joic acid are the common constituents present. Therefore

standard of TLC finger print of amino acids and isolation and
identification of benjoic acid have been developed as a
quality control standard to check the quality of the rawv as
also processed shilajeet.

Juture work Plan
1. Further improved processing method will be developed.

2. Processing of raw Shilajeet will be carried out using
the already developed technique and the product

supplied to SDVK till their new proposed plant is commissioned.

3. A final technical report wiil be prepared and submitted

to the concerned agency.
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Project No. 10: To develop technology for production

of total Ergot alkaloids

10.1 Background & Objectives

Ergot is a fungus parasitic on cereal crops especially
on rye. 1t has got medicinal value. Ergot has got alkaloids
derived from lysergic acid. The ergot alkaloids in clinical
use are ergotamine and ergometrine; ergometrine has got
oxytocic properties 3and ergotamine is used for miaranes.

The cultivation of ergot was successfully accomplished
in the horbal farms of Department of Medicinal Pléents on
an experimental scale. It was thus considered desirabice
to develop a process for the extraction of total alkaloids
of ergot. Some exploratory work was carried on the extraction
of total alkaloids using different scolvent systems. However,
the cultivation of ergyot was not maintained and thercfore
ergot sclerotia were not available. It was therefore decided
to keep the project in abeyance till the cultivation of
ergot is taken up on a reqular basis.

10.2 Present status

The proi~ct has bcen dropperi due to non-availability
of ergot sclerotia and stoppage of its cultivation.

10.3 Team memoers

Dr. (MRS) Timila Shrestha
Mrs. Padma Prajapati
Mr. P.P. Bista

R S
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Project No. 11:

Project Title: Technon-economic study for production

of Caffeine from tea-waste.

Introduction

Caffeine occurs in plants such as tea, coffee, mate
leaves and guarana nuts. In the tea growing countries, tea
leaves have been commonly used for manufacture of caffeine.
In the process of manufacture of tea, 2 - 5 ¥ total green
leaves are separated as fibrous part of tea; some flops are
also separated. These fibrous parts,flops and dust along
with those damaged due to storage and other reasons are
called tea waste. According to HMG, Dept. of Excise, tea —
waste is either burnt or dumped in soil in presence of
excise representatives. Like its source from which it
comes the tea-waste contains caffeine, which hss world
wide demand. In countries where tea leaves are in abundant
supply, caffeine is manufactured as a by-product of tea
industry. Nepal imports caffeine while it has large quan-
tities of tea -~ waste which is dumped every yecar. In the
year 1985 alone tea waste worth US $. 8,095.9 was dumped.

Table 1

Avajlable tea - waste (Kg) in Nepal.

Fiscal year Govt. under taking Private sector Total
81 2921,92 7943.12 10865.04
82 3610.90 9246 .96 12851.86
8% 4774.05 9659.74 14433.79
84 6218.34 11059.40 17277.74
85 8277.08 10815.10 19082.96

ceefene



With the increased prod:ction of tea, the quantity of

tea-waste available will also increase.
11.2 Objectives

To develop a process for manufacture of caffeine from
tea-waste and study its techno - economic feasibility in
Nepal.

11.3 Output

11.3.1 Survey of samples

Samples of tea - waste were collected from different
parts of Nepal and analysed [or thelr caffeine conlent
the resulls obhtained are given in table 2,

Table 2 % of caffeine in samples studied

Name of the sample source _% caffeine
Tokla 6
Kanyam ( stalk ) 4.05
Ilam ( orthodox ) 3.04
Soktim 4
 Giribandhu 4.5
Nakalbanda 4.65
Himalayan 4,05
Satighatta 2.00
Mittal 4.2
Budhkaran 2.95
average 3.94

eeelenn
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11.3.2 Bench scale studies for the production of caffeine.

Three methods for the production of caffeine were studied
at Lab. scale out of which the nethod given below gave the
best yield.

100 g of tokla CTC was mixed with 100 g of lime, boiled
with 500 ml of water for 20 minutes. The rxn mixture was
filtered and the filtrate was treated with Magnesia and
filtered once again. The filtrate was concentrated to
crystallization concentration left to cool whercby
crude caffeine is obtained by filtration vyield 4 %,

Conclusion

The method described above seems satisfactory for
production of caffeine. It is intended to up scale and werk
out the Techno-economics of production.

Recommendatiqp

1. The study should be corntinucd at pilot scale and

obtain technorconomic data.
\
|
|
|

2. Viork out proper mechanism for procuring tea-waste,
which is so far controlled by excise regulation and
is either dumped or burnt.

Team members:

Dr. P.M. Adhikari - Co-ordinator

Mr. Bhaweshwar Das
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" Project No. 12: Production of l-Dopa_ from mucuma

Seeds.

12.1 Background

Mucuna pruriens a hLerbaceous plant belonging to the family
Leguminosae grows wild in Terai region of Nepal. The beans
of this plant are richin l-Dopa, which is used as 2 medicine
against parkinsons disease.

12.2 Objective

The objective of this project is to develop 2 process
for the large scale production of 1-Dopa from mucuna seedse.

12.3 Output

The mucuna seeds were collected from the field. Some
difficulty was experienced in the collection of seeds as
the pods have a highly alleruic furry coat. Although come
earlier work was carried out using the indigenously
available seeds, it become evident that collection & work
up of these seeds will pose logistic difficulties. It was
therefore decided decided to cultivate alternate varieties.
It was found out that the Brazilian variety has the pods
without the alleryic furry cost. So the cultivation of this
variety was tried in the Hetaunda Herbal farm. The culti-
vation is doing well in the experimental basis and about
50 Kgs. of seeds have been collected so far,

The analysis of the six different varieties of mucuna
growing wildly in the Terairegion of Nepal, showed l-Dopa
content from 4 - 9 ¥ ., The highest percentage of l1-Dopa
was obtained from Mucuna pruriens. The analysis of seeds
of this species showed 1-Dora content 9.2 %, moisture
content 12.2 ¥ and oil content 1.6 %,

coelonn
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Twenty batches of 500 gm size of seed powder were pro-
cessed for the extraction of 1-Dopa. An average of 4.2 &
yield of the B.P. grade product was obtained. All of 1-Dopa
could not be extracted from the seed rowder. Analysis of
the marc and mother liquor showed the presence of 1-Dopa
3s 2.7% and 1.07% respectively. Efforts are being made
to extract the remaining 1-Dopa from the marc as well as
from mother liquor.

The Brazilian variety planted in Hetauda farm showed
the presence of about 9% of 1-Dopa. On processing the yield
of l-Dopa obtained was 3.83%.

Some 300 gms of 1-Dopa (97X pure) are in hand at present.

Some modifications in the process are being tried in
order to obtain higher yield of 1-Dopa. A trial for the
extraction is underway in pilot plant.

Conclusion

Seed powder of M una pruriens from wild showed the
presence of 9.2 % of l-Dopa. 4.2 % of 1-Dopa could be
isolated on processing. This seems quite promising. Brazilian
variety cultivated in Hetauda farm showed 9% of 1-Dopa
content and the yield obtained after processing was 3.8%
which is commercially promising too. Thus Brazilian variety
could be used instead of wild Mucuna pruriens. By using
this variety we can overcome the problem of allargy due to
the furry coat of pods of wild mucuna.

Future Plan

a. To up scale the process on pilot plant determine the
techno-economic parameters.

b. To submit samples of 1-Dopa of B.P. grade tc RDL and
HPPCL for market acceptance.

c. To up scale the cultivation of the Brazilian variety
& to introduce it- to the farmers.
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Project No, 13. Production of essential oil from Juniper berries

13.1 Background

Juniper berries o0il is produced commercially by steam distillation
of ripe fruits of Juniperus communis. In Nepal, three species

of Juniper grow wild. These include Juniperus communis.

J. microphylla, and J. recurva. In view of its economic

importance investigation on the essential oil content of the

berries of Nepal Juniperus was initiated.

13.2 Cbjective

a. o investigate Juniperus species of Nepal as a commercial

source of Juniper berry oil.

b. To develop a method for processing of Juniper beirry to

extract export grade oil.

13.3 Methodology

a. To collect Juniper berries from various parts of the country
and distill these to obtain the essential oil.
b. To evaluate the quality of the oil.

c. To distill at pilot plant scale and evaluate the techno-

economics of the oil production .

13.4 Chemical investigation

Two types of »erries (big and small sizes) of Juniprrus recunrva

were collected from Rasuwa district. Both these samples were
crushed and hydro-distilled to obtain volatile oils. The

yield were as follows.

Big berries - 1,26 % and small berries 2.03 % Chromatographic
examination of the 0il indicated the presence of terpenic

hydrocarbons with the following composition.
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Hydrocabons Big size berries Small size ’
(tentatively identified) berries )
oA - pinene 5.7 % 4,2 %

/3- pinene 26.7 % 1.5 %

Myrcene 4.03 % 27.58 %
Limonene 56.55 % 57.37 %

The GLC comparision of the above two oils with that of commercia
sample of Juniper berry oil showed that the monoterpenic compo-
sition of the Nepal Juniper berry oils are qualitatively very
similar to that of commercial sample. However, the odour and
relative concentration of each of these four constituents vary

sinificantly.

13.4 Distillation

HPPCL has installed a distillation unit at Ramechap district.
As a trial production it has distilled Juniper berries oil
and submitted the oil to RDRL for chromatographic analysis.
The o0il was examined and the report was sent to HPPCL.

13.5 KFuture Work Plan

Investigation on Juniper berries oil obtained from various
species will be continued. On the basis of work carried out
at RDRL a commercial scale distillation of Juniper berries
0il at a suitable location will be recommended.

Project No, 14: Production of hyoscyamine and hyoscine from
Dhatura species.,

Dur to non-availability of adequate plant material
this project was dropped since 1987.
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Project No. 15: Exploitation of Essential 0Qil

Bearing Plants in Nepal.

Plants provide a lerge number of industrially important
products amongst which essential oils occupy a place of
considerable importance. There are of economic value and
are used in perfumes, flavour and medicines. Previous
studies have shown that a large number of essential oil
bearing plants occur in Hepal Aand these as raw materials
ere abundant for the produciion of essential oils. But
t:is resource remained to be tapped for the benifit of
the country. In view of their economic importance a

screc:-ing_programme_for testing the content of essential

~0il in the Nepolese flora and their evaluation as raw

material for future production of aroma compounds was

bearing plants occuring in wild have been selected for
essential oil production and these products have success-
fully been marketed within the country as well as in
foreign countries. Such systematic research and develop-
ment works on essential oil can have significant impact
upon the establishment and growth of essential oil industry
in Nepal. This fact is reflected in Table 1 which shows

the trend of essential oil sale in the last six yecoars,

The R & D work which led to attain the situation are
briefly discussed below.




Year

1981/82
1982/83
1933/84
1984, 85
1985/86
1986/87
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TABLE 1

Sale of Essential Oil to

Domestic

Qty. Value Qty.

80% 10.45% -
1398 21,02 31
3230 47,98 417
6167 33.66 1620
8108 287.68 5527
14985 290,52 1217

val

7.72
62.65
169,66
266 .80
564,65

ue

Qty.
(Rs.x1000) (kg.)

3
101
487

1513
2205

val
(Ro,

3.53
45,13
308,82
1072.50
1366 431

Source: Herb Production & Processing Co. Ltd.

Sales Section.

Total
ue Qty. Value
x1000) (Kg,) ( Rs x 1000)
805 10.4%
]
1432 32.27 s
3748 58,76 '
8274 61%.14
29448 1626,98
18407 2421 .48
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15.2 Objectives of the Project

Following three broad R & D objectives were considered
for the development of essential oils as an exportable
commodity of the country.

1. Screening of Nepalese wild flora with an objective of
discovering either new source of essential oil which
already have established use or new essential oils of
economic value in perfumery industry.

2. Introduction of commercially important exotic plants
with established aromatic value.

3. Development and improvemont cof processing technology
and -juality control of essential oil of cstablished
economic value.

1. Collection of plant specimens from different parts of
the country during suitable season and their proper
botanical identification.

2. Introduction of commercially important exotic plants
with established value at herbal farms located at
different agroclimatic region of the country.

3. Distillation of the collected and introduced plant
specimens to determine thelir oil content.

4, Evaluation of quality of the oil for their market
potential.
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15.4 §S£SSE£EQ of ¥%ild Flora

- e e -

In keeping with the above objectives and following the
above methodology, collection of plants from different
parts of the country were made and their essential oil

content were determined. The list of such plants with

their oil content is given in Table 2.

List of Essential Oil Bearing Plants

identified during this project period

Name of Plants 0il ¥ (v/w)
Abies spectabilis 0.31
Acorus calamus 0.9
Agastache furgose 2.7
Amemum subulatum 1.5
Aristolochia sps. 0.03
Artemisia indica 0.77

. parviflora 0.20
'y vulgaris 0.93
Bauhinia purpurea 0.08
Bupleurum candollei 0.16
Callistemon lanceolatus 0.34
Cannabis sativa 0.19



Name of Plants 0il ¥ (v/w)
Cedrus deodara 6.04
Celastrus stysus 0.59
Chenopodium album trace
Cinnamomum camphora 0.10

09 tamala 0.1 bark

Clausena willdenowii

Costus sps.

Cotoneaster microphylia
Cuninmum cyminum
Curcuma domestica
Cymbopogan flexuosus

. martini

00 winterianus

Cyperus rotundus

Elettaria cardamomum

Eucalyptus camaldulensis
’s citriodora

Eupatorium adenophnrum

- glandulosum

1.05 leaf
0.17
0.05

trace
0.37
4.17
0.72
0.47
0.1

0.09

4.24
4,42
0.4

1.3




Name of Plants 0il % (v/w)
Foeniculum vulgare . 1.54
Gadtheria fragrantissima 0.9
Grewia glabra 0.12
Hebiscus abelmoschus 0.18
Hedychium sps. 0.11
Heracleum nepalense 0.33
Houttuynia cordata 0.12
Inula cappa 0.23
Juglans reqia 0.02
Juniperus recurva 1.37
Juniperus indica 0.43
Laggera alata - shuttj 0.5
Larix himalaica 0.75
Lantana camrra 0.14
Legoseptrum canum 0.15
Linguleria siberica 3.7
Magnolia grandifiora 0.17
Melia azedrrach trace
Mentha arvensis 0.5

’e piperita 0.4
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Name of Plants 0il % (v/w)
Michelia sps. 0.35
Micromeria biflora 0.7
Murraya koenigii 0.43
Nardostachys jatamansi 3.38
Nepeta ruderalis 0.39
Ocimum americanum 0.6

», bacilicum 0.89

»» kilimandischaricum 5.7
Osmanthus fragrans 0.5
Pelargonium sps. 0.3
Piper longum 0.2
Pinus roxburghii 0.11

,» wallichiana 0.55
Pyrus pashia 0.06
Rabdosia coetsa trace
Raphanus sativus 0.07
Resmarinus sps. 2.33
Salix spse. 0.09
Seneao densiflorus 0,33

Skimmia laureola 0.8 = 1.6
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Name of Plants

0il ¥ (v/w)

Sugandha kokila

Tagetes glandiflora
Tanacetum nuliglungla
Thymus serphyllum

- vulgaris

Tsuga dumosa
Valeriana wallichii
Vetiveria zizanioides
Viola sps.

Vitex negundo

Zanthoxylum alatum

Zingiber officinale

5.2 fruits
2.9 leaf
0.27 bark
0.1-0.3 wood

0.22 root

1.22
0.8

0.48
0.8
3.24
0.23
0.2

2-~-8
0.6



As a result of screening vork, a number of plants have been
identified as of value for economic production. These plants
for which methods are devcloped for commercial production

of theilr essential oils are given in Table 3. Plants which
are under investigation for their exploitation are given in
Table 4.

Table 3

Plants for which methods are developed for commercial
production of essential oil.

§.yg. Plant§ Name Parts Present Status

- —

1. Suqandhakokila Fruits Coumercially produced
and for export

2. Zanthoxylum alatum Fruits Commercially produced

and for export.

3. Acorus calamus Rhizomes Commercially produced
(Calamus oil) and for export.

4. Pinus roxburghii nesin Commercially produced
(Turpentine oil) and for export and for

local consumption.

5. Gaultheria fragrantissima Leaves Commercially produced
(wintergreen oil) and for export.
6. Skimria laureola Leaves Process technoloay
developed.
Te. Eucalyptus camandulensis Leaves Process technology

developed for medi-
cinal eucalyptus oil

rich in ceniole.
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Plants under investigation

S.No. Plant Name Parts Present Status

1. Pine needle oil Leaves Experimental stage.

2. Juniper berries oil Berries Experimental stage.

3. Cinnamomum camphora Leaves Experimental stage.
Unecononmic.

4, Litsea citrata Fruit Experimental stage.

Uneconoizic.

15.5 Introduction of Commerciallz {gggrtant Exotig Plants

The wide salubrious climstic variation available within the
country provide a very favourable setting to introduce
commercially important aromatic plants for cultivation from
other parts of the world. It is estimated that over 200
essential oils derived from plant sources are of econsic
importance in the world market. The size of the world market
is of the order of U.S. $ 1.5 billion. Even if a small part
of these essential oils are produced within the country

it will bring in extra income. Keeping this in mind, ihe
Department has introduced a number of exotic essential oil
bearing plants within the country and development work
relating to growth response, oil content, quality of oil and
processing technology of the introduced plants were studiec.
Of the many exotic plants the following have been success-
fully established and at present, some of these are under

commercial cultivation.
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Name of the oil Status

Mentha arvensis Commercial

Mentha piperitta Experimental/commercial
Lemongrass Commercial

Palmarosa Commercial

Citronella Commercial

Prior to commercialisation of the above mentioned oils
the following systematic studies were undertaken,

1. Introduction and establishment of exotic plants at
herbal farms located at different agro-climatic zones.

2. Standardisation of harvesting and distillation
process. (Load, tempcrature and duration)

3. Analytical control for each batch distillation. (For
this purpose a batch control form for the production
of essential oil is filled at the site of distillation
‘and a sample of the oil from each batch was subjected
to the gas liquid chromatography (g.l.c.) examination.
Physico-chemical analysis of representative samples of
the oils were carried out following the methods descri-
bed in British Standard Methods of Test for Essential
0il (B.S. 2073; 1976).

A number of other commercially important aromatic plants
have also been introduced (Table S5) and the results of
suitability for their extensive cultivation are awaited.
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Table 5

List of commercially important aromatic plants in*roduced
in various herbal farms for cultivation studies.

1. Abelmoschus moschatus
2. Acorus calamys

3. Artemisia bubia

4. A, orbritum

S. A, pallens

6. Carum carvi

7. Coriandrum sativum

8. Eletteria cardamomum
9. Eucalyptus citriodera

i0. Foeniculum vulgare

11. Geranium nepalensis

12. Jasminum sambac

13, Lavandula spica

14, L. vera

15. Mentha citrata

16. M. spicata

17. Nyctanthus arbor - tristis
18. Ocimum basilicum

19.  Ocimum kilimandischaricum

20. 0. fenniflorum
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In order to meet the demand with a sustained supply -
of Sugandha kokila fruits it hus become essential to
commence A programme of plantation with this valuable tree. i
Accordingly, studies were conducted at Godavari for its
germination from seeds. A two-year study resulted in
finding suitoble time for germination and this study
resulted in preparing 30,000 seedlings for their plantation
at different parts of the country. A major portion of
these seedlings is in the process of transfer to the
area where it has well adopted. Flantation wor¥k will
be undertaken in a higher scale in collahoration with
the Forests Department.

Note: For the work on fixed oil from spent berries of
sugandhakokile see separate report. ( Project No.5)

15.6.2Timur Qil

Zanthoxylum alatum (syn. Z. armetum) local name: Timur

grows wild throughout the mid-hill region of MNepal. Its

fruits are used as spices. The fruits, on hydro-distillation
yield an essential oil (2.3 - 8.1 percent v/w) with
characteristic odour. Analysis of the 0il by a combination

of chromatographic and spectroscopic techniaues showed 65
components out of which 13 major components were identified.
Of the components identified for the first time were « =pinene,
«-thujene, p-pinenc, sabinene, ; ~cymene, terpinen -4 - 0Ot,
piperitone, carvon and cuminaldehyue. The presence of myrcene,
limonene, linalool and methyl cinnamate in the oil was
reconfirmed. The major constituents in the oil are limonene
(27.0 %) and linalol (53.9 ¥).

Further works on the availability, trade practices and
quality assessment of timur fruits were carried out.

coefeee
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As a result of R & D efforts, the timur oil also has
been introduced to the essential oil market as a product

of Nepal. The oil has found acceptance by perfumery in-
dustry.

extent that it become uneconomical in certain years
to process timur fruits for its oil. For example:
Price in 1982 - Rs. 5 - 8 / Kq.

- sy 1988 - Rs.40 - 50 / Kq.

15.6.30il1 of VWintergreen

Gaultheria fragrantissima is found growing wild in the
mid-hill region of central and eastern part of llepal. Its
l2aves and twigs, on hydro-distillation yicld oil of winter-
green (0.9 X v/w). The physico-chemical constants of the
0il is comparable to that of vintergreen oil from G. procu-
bens produced in America.

Gas liquid chromatoaraphic analysis of the oil revealed
11 components of which methyl salicylate (97 %) and longi-
folene (0.8 J5) were identified. Other minor significant
components of the oils were fentatively identified &5
« -pinene, p-pinene, a?-caréne, humulene and caryophyllene
oxide by using GC - MS.

Methyl salicylate which accounts for the major compo-
nent has a wide application in pharmaceutical and flavour-
perfumery industries.

In view of ex»loiting this pctential raw material as
a source coi methyl salicylate, some parameters such as
seasonal variations and mrthod of distillation to maximise
the yield of the oil were studied.

Y



15.6.4 Acorus calamus

Acorus calamus (Nepali name: Bhojo) is found growing

wild mostly in the Viestern and Central reqion of Nepal
(Altitude 1300 - 2550 meters). Export figures of calamus
rhizomes to India for the following two years are:

Year Quantity Value (Rs.)
1983/84 11,557 kg 56,000/-
1984/85 14,329 kg 1,61,000/-

( Source: Foreign Trade Stalistics Published by Dept of
Customs, Ministry of Finance, H.M.G.).

Hydro-distillation of coarsely powdered calamus rhizomes
yielded a yellow - brownish oil (yield 4 % ). Gas liquid
chromztographic analysis of the oil showed p-asarone as
major conctituent, the content of which varied between 78
to 91 percent.,

Herbs production and processing Co. Ltd. sponsored a
project of developing distillation method for commercial
production of calamus oil. Accordinqgly several batches cof
distillation of calamus o0il both in bench scale and pilot
scale were carried out, Several parameters such as duration
of distillation, steam/water distillation, prior treatment
of the powder matcrial etc. were taken into consideration.

A technical report for the nroduction of calamus oil is
prepared and handed over to HPPCL on April 1937. On request
from HPPCL one of the scientist from RDRL was deputed to
study the problems encountered by HPPCL during distillation
of calamus (16 - 18 Nov., 1988). Appropri-:te recommendations
were made for adoption by HPPCL of process technology
developed at RDRL.

coif..




On arrival of UMIDO Expert Mr. Narsimha, this project
was once again undertaken on Feb. 1988 at RDHL with an
objective of further improvement on process development
for the distillation of calamus oil. Based on this study
a technical report is prepared.

15.6.5 Eucalyptus camaldulensis

Eucalyptus camandulensis is grown under reforestation

program at Sagarnath with an objective of meeting fuelwood
demand of the country. The leaves of this plant ic a waste.
In order to find out the possibility of converting this
waste into a useful product a study was commenced. The study
invelved distiilation of leaves to obtain eucalyptus oil,
seasondl variation of oil and also its m2jor constituent,
possibility of selecting better clone for high yielding
variety in terms of fuelwood and essential oil etc. A brief
account of this study is given below.

Leaves of E. c™miandulensis on hydro-distitlation yielded
an oil (up to 2.5 % v/w, average 1 % ) which on chromatogra-
phic analysis showed the presence of < -pinene, 2 -pinene,
limonene, cineole, borneole, terpenole and olher unidenti-
fied minor components.,

Seasonal Variation Study on E. camaldulensis

Leaves from a luarge number of individual trees were
collected every fortnight and the total volatile oil and
cineole countent were determined for one year. It was found
that the oil content variation amongs. individual trees was
0.25 to 2.5 ¥, the majority of the tree however had more
than 1.0 ¥. Similarly the cineole content also varied
between 6.6 to £8 %. The majority of the plant yielded

Y R
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0oils which have more than 55% cineole content. The seasonal
variation in the oil content was not significant. In view
of such @ diversity that exists amongst the plants clonal
plantation of superior candidates has become essential to
maximise the project benifit. Accordingly tissue culture
method of large scale clonal production was tried and the
initial results have shown that this method has a possikle
commercial application.

Utilisation of the oil from E. camoldulensis

British Pharmacopoca describes eucolyptus oil and
~tates thet the oil should contain not less than 705 w/w
cineole. In order to meet this requirement, the oil disti-
lled from E. camandulensis was rectified to obtain an »il
with over 70% cineole content (yield 79s). The rectified

o0il is used in various medicinal preparation with satisfactory
results. Hoyal Drugs Ltd. hos anproved the oil for use

in their various formulated producis.

1. Sugandha kokila oil has been developed a8s 2 new essential
oil and marketed. Fixed oil from Sugandha kokila berries
has a great economic rotential.

2. Timur oil from Zanthoxylum alatum fruits has been
developed and its marketing has started.

3. Techno-economics on the production of wintergreen oil
oil from Gaultheria fraqrantissima leaves have been
worked out and it is identified as a potential product

for export.,

4. Techno-economics on the production of Calamus oil from
Acarus calamus rhizomes have been worked out and the

0oil is produced commercially for export.

eee/en.




5. Eucalyptus cemandulensijs has bcen idontified as a

new source of eucalyptus oil (cineole type) and

process for the production of Pharmacopoeal grade
oil is being worked out.
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Project No, 16: Development of Quality Standards
for plants used _in Ayurvedic Drugs

Backgqround

Ayurvedic system of medicine is widely accepted & procured
in Nepal, and Ayurvedic drugs continue to be in considerable
demand. The Government is running an Ayurvedic drug manufacturing
unit i.e. Singh Durbar Vaidyakhana (SDVK) on a no loss no gain
basis. SDVK has chosen twenty-five formulations as its priority
preparations and these are reqularly manufactured in this factory.
For the preparation of these drugs 107 different medicinal plants
are used. The collection of these plants is carried out by local
people, who do not have knowledge of identification, and many
collect a wrong plant because it has a similar name. There is

also the chance of adulteration.

Objective

To develop pharmacogonotic standards for plants used in

important Ayurvedic drugs.

Work done

considering these facts, Royal Drug Research Laboratory has
initiated a project to prepare standards for these plants for
proper identification, quality control and analysis. Such
standards for twenty plants were prepared and compiled in 1986
in a book entitled " Standards of Ayurvedic Crude Drugs: Volume -
1”. Volume 2 of this series has been rompleted which also
contains standards on another twenty plants. Works on further
tventy plants is completed and it is at typing stage.

The attached tables provide lists of the 107 plants for
which the standards are being prepared.

Conclusion

volumen 1 of the scries was sent to various related

organisations for their comments which were favourable.




1. Acorus calamus (rhisome).
2. Aconitum spicatum (root).
- 3. Amomum subulatum (fruic).
4. Cinnamomum tamala (leaf).
5. Cinnamomum zeylanicum (bark).
6. Cuminum cyminum (fruit).
7. Datura metrel (leaf).
8. Datura metel (seeds).
9. Elettaria cardamomum (fruit).
10. Embelia ribes (fruits).
11. Foericulum vulgare (fruit).
12. Glycyrrhiza glabra (root and stolon).
13. Picrorhiza scrophulariaetlora (root and rhizome).

14. Piper longum (fruit).

15. Piper nigrum (fruit).
16. Swertia chirarta (plant).
17. Perminalia belerica (fruit).
18. Terminalia chebula (fruic).
19. Valeriana jatamansi (rhizome and root).
20. Zingiber officinale (rhizome).
Table 2

about :tu publish)

. Aegle marmelos (fruit).

Butea monosperma (seed).

Carum carvi (fruit).

Cedrus deodara (bark).

Coriandrum sativum (fruit),

Curcuma longa (rhizome).

NSO W N -
N

Curcuma zedoaria (rhizome).



8.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
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Eclipta prostrata (plant).
Holarrhcna antidysenterica (seed).
Mahonia napaulensis (bark).
Myristica fragrans (seed).
Nardostachys grandiflora (root and rhizome).
Phyllanthus emblica (fruit).

Piper longum (whole plant).
Plectranthus mollis (whole plant).
Rauwolfia serpentina (root).
Saussurea lappa (root).

Solanum nigrum (fruit).

Tabernaemontana divaricata (whole plant).

Table 3

List of the plants described in volume 3

(On process of completion).

N-TE. B J V. IR S R L
. .

10.
11.
12.
13.
14.
15.

Adhatoda vagica (leaf).

Apium graveolens (fruit).

Asparagus racemosus {(root).
Azadirachta indica (leaf).

Cannabis sativa (branches).
Cissampelos parcira (tuber).

Coptis teeta (rhizome).

Cyperus rotundus (tubera).
Hollarrhena antidysenterica (bark).
Nigella sativa (seed).

Operculina turpethum (root).
Oroxylum indicum (bark).

Punica granatum (pericarp of fruit).

Rubia cordifolia (root).

Solanum xanthocarpum (fruit).
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16. Symplocos paniculata (bark).

17. Sysygium aromaticum (flower bud).

18. Tinospora cordifolia (stem).

19. Trachyspermum ammi (fruit).

20. Woodfordia fructicosa (flower).
Table &4

List of the plarnts for which the standards have to be worked out

1. Abies spectabilis.

2. Acacia catechu.

3. Aconitum heterophyllum.
4, Aegle marmelos (leaf and seed).
5. Allium sativum.

6. Aloe succortrina.

7. Areca catechu.

8. Bacopa mionniera.

G. Baliospermum montanum.
10. Bambusa arundinacia.
11. Berberis aristata.

12. Cinnamomum camphora.
13. Croton tiglium.

14, Cubeba officinale.

15. Commiphora mukul.

16. Curculigo orchioides.
17. Cyperus scariosus.

18. Desmodium gangeticum.
19. Desmotrichum fimbriatum.

20. Ephedra gerardiana.

21, Gmelina arborea.
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22. Suizotia abyssynica.
23. Ichnocarpus frutescens.
24, Jasminum auriculatum.
25. Leucas cephalotes.

26. Nimosa pudica.

27. Magnifera indica.

28. Myristica malabarica.
29. Nymphaea stellata.

30. Ochrocarpus longifolius.
31. Ocimum amoricanum.

32. Ocimum sanctum.

33. Papaver somniferum.

34. Piper chaba.

35. Plumoago zeylanica.

36. Premna integrifolia.
37. Prunus cerasoides.

38. Pueraria tuberosa.

39. Pongamia pinnata.

40. Scindapsus officinalis.
41. Stephenia hernandifolia.
42. Strychnus nux-vomica.
43, Tribulus terrestris.
44, Trichosanthes dioica.
45, Vetiveria zizanioides.

46. Valeriana hardwickii.

47. Vanda roxburghii.
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Project No.17: Development of formulations based

on Ayurvedic drugse.

Background:

Ayurvedic system is widely accepted and practised in
Nepal, and at a rough estimate about 80% of the people
of Mepal .would be depending upon Ayurvedic drugs. Many impo:
tant medicinal berbs are available in big quantities in
Nepal due to favourable geoqraphical conditions. In most
of the Ayurvedic preparations, standardisation of crude
herbs and finished products are not done scientifically
so their action can vary from batch to batch. The pre-~
paration of standardised formulation based on Ayurvedic
prescriptions, following good manufacturing practises,
particularly for some common ailments, therefore seemed
of importance for making better use of Ayurvedic druas,
Other aspects are to ensure safety of these drugs by
toxicity studies, develop n:w dosage forms for m3se of
administration & better acceptance for taste & odour.
This project describes the work d-ne in this area,

a. Develop new formuletions based on Ayurvedic drugs
for use in modern therapeutics.

b. Develop suitable standards for raw materials &
finished products.

Qutput
The following formulations have been developed, The
details of their ingredicnts % costare given in Annex.

1. Deep Heat Cream for pains
2. Pine 0Oil Disinfectant
3. Turpentine Liniment

eeelene



4,
5.
6.
7.
8.
9.
10.
11.
12.

Anticold and Antirheumatic 0Oil

Anticold and Antirheumatic Balm
Rauwolfia Alkaloid Tab.

Cough Lozenges »

Centella Asiatice Cream for wound healing
Laxative-Rhubarb Tablets

Antidiarrhoeal Tablet

Antacid and Antiulcerous Tablet

Cap'sicum Ointment

Of these formulation Royal Drugs Ltd. has accepted &

undertaken to market the Deap Heat Cream, Rhubarb Laxative
and Anticold Antirheumatic o0il for the present.

Future Vork

1.

Private industry is also being contacted for marketing
of these formulations.

More such standardised formulations for other important
diseases will be developed in consultation with user
industries & Ayurvedic physicians.
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Project No. 18 Chemopharmacological investigation of medicinal plants

Background

Nepal is endowed with a rich resource of plant species.
Some of them are used by Ayurvedic physician or by local people as
traditional remedies, but many of them do not find any reference
or mention of their biological activity. Both with a view to
explore this rich resource for development of new drugs, as also
to scientifically verify the claims of the plant used in
traditional remedies, it was considered of intercst to systema-
tically collect plants from different reqgions of Ncpal and
screen them for their biological activity. Those which show
activity could then be subjected to detailed chemical investi-
gation with biological activity monitoring for development as
new drugs. This is of particular logistic benefit as teams of
botanists and plant collectors visit different parts of Nepal
under the project for economic mapping and some team would be

able to collect plants for biological screening also.

Ob jectives

To screen plants of Nepal for pharmPcological activity using
the following tests.

1. Gross behavioural activity and acute toxicitv test.
2, Antifertility activity
3. Anthelmintic activity ( Antitapewoorm)

4, Cardiovascular activity

18,3 Methods

Extract: 50% alcohol extract after vacuum dryding at low temp,

was used for test,
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a. Gross behavioural and acute toxicity test was conducted

according to the table as given in Appendix.

k .Effects on isciated tissues "ilcum and anococuggeus
muscles of rat vwere used for the test and other parameters us

were as found in standard method.

c. Antifertility activity is tested on rat and observed for
antimplantation and foetal loss.

d. Anthelmintic activity was te-ted in mice infected with
hymenolepis nana and conclusion was deduced on the basis

of complete removal of infected parasites

13.4 Out put

a. Sross behavioural activity, acute toxicity and effects

on islated tissues.

During this period 27 plants have been investigated
frr toxicity and gross behaviour and in isolated tissues
{Appendix ). Weak spasmolytic activity were found in
Anagalis arvensis, Cipadessa bacifera, colebrookia
oppositifolia, Elephantopus scaber, Portulaca olearaceae,
Plumbago zeylanicum, Ficus bengalensis, Salvia plebia,
Sphaeranthus senegalensis, Boenninghausenia albiflora,
Euphorbia hirta, Tadehagi triguetrum, Morina longifolia
and Innula cappa. Among these plants that showed contractions
in anococygeus muscle, in which coritraction is caysed by
adrenergic like drugs, are Portul»r~a olearacea, Plumbago
zeylanicum and i'icus bengalensis. Planis showing blocking
effect iIn anococcyqgeus nuscle also are Plumeria rubra,
Colebrookia oppositifolia, Salvia plebia, Sphaeranthus
senegalensis, Boenninghausenia albiflora and —uphorbia hirta.
The activity in some of these tests was strong ecnouuh to

warrant detalied testing.
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Antifertility activity

10 plants screened for their antifestility are
giren in Appendix Out of these Plumeria rubra and
Acacia concinna showed 60 % and 40 % inhibition of
implantation at the dose of 400 mg/ kg and 25 mg/xg
respectively. An interesting finding is that Acacia
concinna which is generally used in hair o0il showed
foetal loss of 53% at the dose of 25 ma/kg.

Anthelmintic activity

This test was performed for 11 plants using in
vitro technigue. However in vivo method was also tried
for 25 Plants (Appondix ...) The sesult did not show
100 % effect except with Mallotus phillipensis, which
is mentioned in traditional medicine for the same

purpose, but. in view of its texiuty is not widely used.

Cardiovascular activity

10 plants wcre tested for their cardiovascular
~effect in rat (Appendix ) Most of plants showed no
effect or transient fall in BP. But Potentialla peduncu-
laris showed a fall in BP for short period.

i3 Plants of aconite species were tested for
acute ,toxicity (Appendix...). To a certain extent the
result obtained has been valuable to differentiate

poisonous plants from non-poisonous one.

Hypoglycemic test conducted on plants are listed
in Appendix
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Plants tested for microbiological activity and their
phytochemical screening are listed in Appendix.

Conclusion

The manpower and other resources available for this
work are limited, and to make most effective use of these
resources it has been suggested to restrict the work in

this project to the following specific tasks.

a. Acute toxicity and gross behavioural study of plant

extracts.
b. Toxicity study of rnew drugs and formulation developed

c. Screening of extracts on isolated tissues and for

cardiovascular activity.

d. Antifertility activity in female rats.
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Project No. 19 Analysis of Drugs referred by Department of

Drug Administration (DDA), Private & Public

Pharmaceutical Companies and other organisatior

Background

RDRL has been designated as the staturary analytical
laboratory by the Department of Drug Administration. irurther
most of the industrial units in Nepal are too small to have
their own Quality Control Analytical Laboratories. But quality
control assurance is most necessary for market acceptance of
their products.

Objective

The main objective of this project is to conduct testing
and standarulsation of druas and allied materialis referied by
Department of Drug Administration (DDA), Private & Public

pharmaceutical companies and other organisations.

Tasks

1. Laboratory testing for quality assurance of drugs marketed
in Nepal. (.or this purpose the DDA is supplying a number
of marketed samples of both Indian and Nepal oriain for
laboratory analysis)

2. Provide quality control services to the iocel pharmaceutica
companies.

3. Provide analytical services to private and public
organisations for other products such as crude herbs
and drugs, alcoholic beverages, chemicals and allied
materials.

4. Develop suitable analytical methods and also verify the
analytical methods or pharmaceuticals provided by the
manufacturing companies for their validity. (normally
pharmacopoeal methods are followed for Lhe analysis of

medicines)
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19.3 Qutput

Samples received from the DDA, private and public
pharmaceutical companies and other organisations were analysed
and the analytica. reports were provided to the respective
organisations. Details of the number of samples analysed

during 1982/83 to 1987/%8 are given in the following table:

Table

S.No. ' Year ’ Dept. Of Drug * Private & public’Other organisations'Tot

' ’ Administration ' pharmaceutical ° '

: * companies d ’
1. *1982/83 No. of samples . : 4

* Received: 151 ' 19 ’ 21 *19¢

. Analysed: 115(36})}*’ 19 y 24 * 15t
2. *1983/84 Received: 150 . 63 ’ 224 *43°

* Analysed: 102(48)*° 63 224 * 48¢
3. *1984/85 Received: 75 : 151 151 *37.

’ Analysed: 55(20)*' 151 ’ 151 *35°
4. *1985/86 Received: 85 ' 137 . 118 * 34(

’ Analysed: 3%5(30)* ° 137 . 118 *31C
5. *1986/87 Received: 66 ' 244 . 58 * 36!

’ Analysed: 41(25V* 244 ' 58 *34;
6. *1987/88 Receiveds 34 . 104 ' 64 * 20z

* Analysed: 24 ' 104 ' 64 * 19z

* The figures in parenthesis show the number of drugs which could not

be analysed due to non-availability of methods of analysis. The DDA

is being requested to s2nd the analytical methods.

** The fiqures of fiscal year 1987/88 is for 10 months only

(i.¢.

from July 1987 to April 1988).




Problems

1.

3.

Non-availability of analytical procedures for combination
drug formulations.

Difficulty in procuring reference and working standards on

a regular basis (reference standards are expensive).

Inadequacy in Biological testing facilities.

19.4 Recommendations

1-

3.

Arrangement should be made to obtain analytical procedures
from the manufacturing companies specially for the combination
drug formulaticas.

Appropriate mechanism should be evolved for a reqular supply
of reference and working standards.

Biological testina facilities have to be strengthened.

Personnel involved in quality control work should be exposed
to regional/international drug quality controi meeting and short
visits to the quality control laboratory of developed as we]l as

developing countries is highly desirable.

In view of the ever continuing escalation in prices of chemicals
and equipment, the cost of analytical services is rising. It is,

therefore, necessary to increase the funds provided for running
this services. In part this can be done by charoing for analysis

the samples referred by the DDA, as is done for samples sent by
private companies. The DDA can in turn charge the companies whose
samples they send for analysis.

To upgrade the analytical facilities of IIDFL it should be
allowed to retain at least 50 % of the money received by
it for the analytical services provided.
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Pro ject No.20.

Economic Mapping of Medicinal and Aromatic Plants.

INTRODUCT ION

The diversity of physiography due to the altitudinal
and climatic variations has made it possible to lodge almost
all types of climate from tropicai to alpine in Nepal covering
merely 141,000 kmZ. Hence, a large number of medicinal species
are avalilable in the Nepalese spontaneous flora. The wealth of
medicinal plants may be considered as one of the important
natural resources for the economy of this Himalayan country.
Many of the prominent herbal drugs being utilized presently by
many organized and recognized systems such as Ayurveda, Unani,
Homeopathy, Allopathy, etc. happens to grow in this country
spontaneously. At the same time, we have also a very old and
strong tradition of use of medicinal plants in our local

traditional systems,

Apart from these, for the establ:shment and expansion of
local productions based on medicinal plants, we need to Kknow
the quantity and quality of raw materials wnich are available
ir particular areas of the country. It also appears high time
to emphasize upon the importance of Natural FProduct Research,
which is actually a systematic investigation of natural
products designed to develop the natural resources of a
country (Dhoubhadel, 1982).

Economic mapping of medicinal plant resource of an area
is, therefore, to estimate their productivity quantitatively
as well as -jualitatively for economic potentiality (Bhattarai,
1984). At the same time, it also involves thi concept of
controlled exploitation, with a view to safequard the existance
of the sprcies and their smooth-flow of the optimum productivity

in the study area.




Uncontrolled collection of herbs from a particular locality
for a number of contineous years ultimately leads to the extinction
of the species from the area, and may be from the world, if due

attention is not paid before it is too late.

In India, our neighbour, Ahluwalia, as far back as 1552,
argued in favour of something resembling the economic mapping of
medicinal plants, on the basis of statistics which showed a
progressive reduction in the supply of herbs from the Kangra
district, Punjab. He suggested their exploitation by rotaticn
to allow the plant sufficient time for natural regeneration

(Ahluwalia, 1952).

In the following compilation, date from 7 previous reports
has been presented in a tabular form. It includes the district
and season of the field survey, route followed, number of spocies
conéidered and the total harvestable quantity of herbs and
essential oils along the route followed, from each report (Table 1).
The quantity of herbs and er~rntial nils obtained from each species,
previously described in each report, has also been presented in
separate tablas (Table 2-8). Table 9 includes the overall quantity
of each herb and essential oil from all the 7 previous reports

combined.




Table 1
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AT

JQistrict &
duration of

field survey

Route followed

473
3
fo BN 6]

[¢]
-
Q2 O ™
[

Harvestable
quantity of
herbs % ess,

Reference

J
2

r
v

unla-Dhaulidaha-Talohi-

a2ochaur;

unla

-7

atorani.

considered oills along
the route
followsad
N (2) (3) (%) (5) (%)
. Junla & Jumla-Chaudahabise khola- 40 Herbs: 507.435 Bojor at al.,
Vagw; Dhaulidaha; tons 1984, |
12 .
Mav-June, Jumla-Jaljale-Hadsija- 5SS, oitsashu.2? Y
193% Chuchamara-xhatyar :
v (Table 2)
shola-Rara-Gumgadi-Pina-
shulbhule-Danfey;:
Junla-Tatopani.
2 Surkher, Surkhet-Ranimatta-Dailekh- 53 Herbs: 555.705 Bhattarali st al.,
Jailakh, Mabu-Nagma-Tatonani-Nagna- tons 184,
faligot Hadsija-Chautha; Ess. oils: 38.835
tons
& Jumla; Danfey-Patmara-Junla;
Aug.-S20t Bhulbhule-Chautha-Danfey: (Table 3)
NEER!




Tabla 1 continued
i (23 2) (L) (5) (6)
2 NED) -3 = N Paly “Magd da- nma- -
3. Syanzja,Fardat Pokhara-Yaudanda-Kushma 54 Herbs: 2094.285 Shattarat ot al,,
Zfaglung,Myazgdi Baglung-3zni-Darbanz- tons 1935
¥ Mustang, Zurjakhani-Thorpatan- ©ss. oils: 41,005
C o - tons
Aprii-June, Seni-Tatopani-Jjomson-
Aq = . . (Tasle 4)
1335 Muktinath-Yaudanda-
Pokhara, |
o<}
. L9
-. Zas%i,Syanz’a, Pokhara-Ghandrun- 43 Herbs: 347.305 Josht ot al., |
L sons
fartat,Saglung Tatopani-'ormson- 1925,
N . N . ¥ss, oills: 20.059
Mrazdi & Muktinazh-Tasonani-
. tens
Wistang; Seni-Thorratan-Calkot- (
Table
Zapt.-2ct., Baglung-Naudanda, 5)
1333




Tatle contirued
D {(2) ) (W? (%) (¢)
> Thading, Sundarijal-tHelambu- 30 Herbs: 205.41 Enattarai, 1986.
Nuwako:, Gesaikunde-lan~tang- tons
Rasuwa % ¥yvaniing-Syabrubesi- Ees. oils: 43.0
Sindhuvalchox. Dhunche-Trichuli; tons
Sept.-0ct., Malekhu-Dhadinrbesi- (Table 6)
1884 Trishuli-Thunche-
Svabrubesi-Fasuagadi- ;
Langtang-Cpandanbari- T
Gosaikunda- Dhunche-
Trishuli.
& Tukur,Dolpa Chaurjhari-Simi-Dunai- 23 Herbs: 53.485 Enattarai, 1627.
& Jurmla; Phoksunde-Gandala-Dunai- tons
Maw-July,1987 Tibrikot-Xaigaon-Maure- Ess. 01125812h.3

Jumla.
(Table 7)




Table 1 continued

Q (2) (3) (%) (5) (6)
7.  Rarechhap and Khurkot- Ramechhap-
Dolakha districts; Dhobi- Bamti- Jiri- 12 Herbs: T1.03 Bhattara:, 1988.
Jan.- Mar., 1988 Charikot- Torikhet- Ess. oils: 18.45 T
tons

Lamabagar-Lumnang.

(Table 8)
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Table 2

List of medicinal and aromatic plants alongwith the corresponding

quantities that has been proposed to be harvested from the study

area (Jumla and adjoining areas I; Bojor et al., 198%4)

T T S T 5 S Y S S e T I T T Tl
wr\)—soocn\loxm:wm-so

[2® I
(1] -

O M = O W NN

Plant species

. Abies spectabilis
. Acorus calamus

. Artemisia indica
. A. sieversiana

. Berberis aristata

. B. asiatica

B. wallichiana

Bergenia ciliata

. Betuia utilis

. Cedrus deodara

. Dioscorca deltoidea
. Dryopteris sp.

. Ephedra gerardiana
. Fragaria nubicola

. Filipendula vestita
. Hedera nepalensi~

. Hippophae rhamnoides
. Juglans regia

. Juniperus indica

. Mentha longifolia

. Picea smithiana

. Pinus wallichiana

. Populus ciliata

. Potentilla fulgens

. Primula strumona

Quantity (ton)

[ =]

_ O O O O O C W

3b5.

O QO O - O N O

o~

.025

.12

102.1

75.
.05
.92

P

13.4




26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
4o.
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Plant species

Frinsepia utilis
Rheum australe

Rosa macrophylla

R. sericea

Rumex nepalensis
Salix babylonica
Salvia moorcroftiana
Sambucus hookerii
Swertia chirayita
Thrmus serphyllum
Tussilago farfara
Urtica dioica
Verbascum thapsus
Viburnum cotinifol ium

V. erubescens

Quantity (ton)

k.85
6.0
0.125
3.15
4.295
0.06
0.6
0.35
2.1
2.0
1.25
0.1
0.035
0.4%4
0.2
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Table 3

List of medicinal and aromatic plants along with the corresponding

quantities that has been proposed to be harvested from the study

area (Jumla and adjoining areas II; Bhattarai et al., 198%)

27.
8.

Plant species

Abies spectabilis
Adhatoda vasica
Agave americana

Ageratum conyzoides

. Alnus nepalensis

Mmaranthus spinosus

Artemisia indica

. A. sieversiana

Azadirachta indica

. Berberis aristata
. B. asiatica

. Bergenia ciliata
. Betula utilis

Calotropis gigantea
Caltha palustris
Cannabis sativa

. Cassia snphora
. Cedrus deodara

Chenopodium album
Datura stramonium

. Dioscorea deltoidea
. Ephedra gerardiana

. Filipendula vestita
. Fragaria nubicola

. Girardinia palmata

. Hippophae rhamnoides

Ipomora aquatica
Jatropha curcan

Quantity (ton)

10.18
0.365
0.35
2.389
5.6
0.309
h.108
1.865
0.78
0.945
0.855
0.975

102.0
6.5
0.045
2.338
2.67
5.06
0.05
3.37
1.745
0.125

0.025

0.635

1.283

0.0%

1.5

0.06




29.

30
3
32
33
34
35
36
37
38
39
ko
41
42

-

.

43,

L}
45
k6
b7
43
49
50
51

52.
53.
5.
55.
56.

57
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Plant species

Juglans regia

Malva verticillata
Mentha longifolia
Nardostachys grandiflora
Picea smithiana
Pinus roxburghii

P. wallichiana
Plantago major
Polygonum molle
Populus ciliata
Potentilla fulgens
Prinsepia utilis
Rheum australe
Rhododendron anthoporon
P arboreum

R. campanulatum

Rosa macrophylla

R. =rricea

Rumex nepalensis
Salix babylonica
Salvia moorcroftiana
Skimmia laureola
Solanum xanthocarpum
Swertia chirayita
Thalictrum foliolosum
Urtica dioica
Valeriana jatamarsi
Verbascum thapsus
Viburnum rotinifolium

58. V. orubescens

Quantity (ton)

65.1
0.21
0.305
1.0
3.48
2.88

17.205
1.855
1.135
1.85
1.435
2.7
9.2
0.1
316.22
2.55
0.09
0.135
3.04
1.78
0.2
0.9
1.3
1.038
0.025
1.42
0.5
0.07
0.12
0.07




List of medicinal and aromatic plants and the corresponding quantity

that has been proposed to be harvested from the study area (Gandaki

and Dhaulagiri zones I; Bhattarai et al., 1985)

10.
11.
12.
13.
14,
15.
16.
17.
18.
1.
20.
21.
22.
23.
b,
25.
26.
27.
’8.

Plant species

Abies spectabilis
Acorus calamus
Adhatoda vasica
Agave americana

Alnus nepalensis

. Artemisia dubia
. Berberis aristata
. B. asiatica

. B. wallichiana

Bergenia ciliata
Betula utilis

Butea minor
Qalotropis gigantea
Cannabis sativa
Cassia sophora

C. tora

Centella asiatica
Datura stramonium
Dioscorea bulbifera
D. deltoidea
Ephedra gerardiana
Fragay ia nubicola
Girardiana palmata
Hippcephae rhamoides
Jatropha curcas
Juglans regpia
Juniperus indica

Lycopodium clavatum

Quantity (ton)

23.2
5.3
4.1
2.0
38.5
62.3
4y 2
18.75
1% .4
2.9

390.0
5.05
0.7
17.8
9.6
12.65
8.88
8.5

42.0
8.7

10.6

12.85
0.405
0.125
3.65

56.0

170.0




29.
30.
31.
32.
33.
34,
35.
36.
By
" 38.
39.
40.

h1.
W9

b,
ks.
46.

L8.
h9.
50.
51.
52.
53.
54,

Plant species

Mahonia napaulensis
Mallotus philippense
Paris polyphylla
Pinus roxburghii

P. wallichiana
Plantapo major
Polygonum molle
Populus ciliata
Fotentilla fulgens
Primula strumosa
Prinsepia utilis
Rhonm australe
Rhododendron anthopogon

R. arboreum

. E. barbatum

R. campanulatum

R. setosum

Rosa macrophylla

R. sericea

Rumex nepalensis
Salix babylonica
Solanum xanthoca:;um
Taraxacum officinale
Urtica dioica
Vibuthum cotinifolium
Z2izyphus mauritiana
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Quantity (ton)

0.335
0.6
3.9
0.705
17.1
4.05
0.15
10.0
11.7
0.01
k.05
2.0
1.5
612.5
110.0
290.0
22.0
0.15
3.75
5.5
0.4
0.65
0.77
17.98
1.73
0.1




Table 5

List of medicinal and aromatic plants and the corresponding quantity

that has been proposed to be harvested from the study area (Gandaki

and Dhaulagiri zones II; Joshi et al., 1985)
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17.
18.
19.
20.
21.
22.
23.
2.
25.

Plant species

Abies spectabilis
Adhatoda vasica
Artemisia dubia
Berberis aristata
B. asiatica

B. wallichiana

Boenninghausenia albiflora

. Cannabis sativa

Cassia sophora

C. tora

Centella asiatica
Dioscorea bulbifera

D. deltoidea

Ephedra gerardiana
Gaultheria fragrantissima

. Girardinia palmata

Hippophae rhamnoides
Juniperus indica
Mahonia napaulensis
Mallotus phllippense
Parnassia nubicola
Phyllanthus emblica
Pinus roxburghii

P. wallichiana
Plantago ma jor

Quantity (ton)

15.5
17.0
13.5
10.5
11.25
6.0
0.8
1.7
3.15
%.995
1.75
5.8
1.5
7.3
1.5
4.25
V.7
0.1
0.65
0.01
0.35
0.5
1.55
3.0
L.4s5




26.
27.
28.
29.
30.
o1,
32.
33.
3%.
35.
36.
37.
38.
39.
0.
41,
b2,
b3,

Plant species

Populus ciliata
Potentilla fulgens
Princepia utilis

Rhododendron anthopogon

R. arboreum

R. barbatum

R. campanulatum
Rosa sericea

Rubia manjith

Rumex nepalensis
Solanum xanthocarpum
Taraxacum officinale
Thymus serphyllum
Urtica dioica
Valeriana hardwickii
V. jatamansi
Viburnum erubescens
Zanthoxylum armatum

Quantity (ton)

¥.0
0.8
2.8
50.0
510£0
180.0
15.0
0.5
0.1
1.5
1.55
0.69
1.25
5.6
0.4
0.05
1.85
1.0




List of medicinal and aromatic plants and the corresponding quantity
that has been proposed to be harvested from the study area (Bagmati
zone I & II; Bhattarai, 1986)

Plant species Quantity (ton)
11. Abies spectabilis 31.6
2. Adhatoda vasica 11.9
3. Artemisia dubia 78.5
k. Berberis aristata 4.5
5. B. asiatica 9.6
6. Bergenia ciliata 0.8
7. Centella asiatica 6.7
8. Dioscorea deltoidea h,6
Q. Ephedra gerardiana 0.5
10. Gentiana prolata 0.3
11. Hippophae rhammoides 4.0
12. Juniperus recurva 20.5
13. Lycopodium clavatum 1.0
14. Mahonia napaulensis 3.1
15. Mallotus philippense 0.8
16. Pinus roxburghii 1.0
17. P. wallichiana 10.4
18. Plantago major 11.0
19. Potentilla fulgens 6.5
20. Rheum australe 0.6
21. Rosa macrophylla 0.4
22 R. sericea 2.8
23. Rubia manjith 0.5
24, Rumex nepalensis 19.0

25. Solanum aculeatissimum 4.9
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Plant species Quantity (ton)
26. Swertia chirayita 2.0
27. Taraxacum officinalis 0.3
28. Verbascum thapsus . 0.01
29. Viburnum erubescens 8.5

30. Zanthoxylum armatum 2.5




List of medicinal and aromatic plants and the corresponding quantity

that has been proposed to be harvested from the study area (polpa
Region I; Bhattarai, 1967)

Plant species guantity (ton)
1. Abies s=pectabilir .15
?. Acorus calamurs Y. 0h
2. Artemisia dubia L JREN
a. sparasis racemosus 0.05
5. Rerberis aristata 3.0
5. B. asiatica 1.7
7. Eergenia ciiiata 1.7
d. Cedrus deondnra 1.9
9. Centella aciatica .65
10. Dioscorea bulbitera 4o
11. Eph2dra interwedia 1.”
| AN .Juniperus indjca 0.15
15. usticia adhatoda 9.5
14. Picea saithiana 18.95
19. Piaus roxburchii 5.7
16. P. wallichiana 49.5
17. Planta~o major 1.09
18. Podophyllum hexandrum 0.95%
19, Potentilla fulsenc 0.9
20. Prinsepia utilis 5.3
2le  Kheum auctirale a7
~Ze Turaxacui officinale 0.1'%

23, Thymus serrhvllinum 0.4




- 97 -

Table 8

List of medicinal and aromatic plants and the corresponding quantity

that has been proposed to be harvested from the study area (Ramechhap

and Dolakha districts; Bhattarai, 1988)

Plant species

Abies spectabilis

Acorus calamus

Adhatoda vasica
Artemisia dubia

R-rberis aristata

B. asiatica

Centella asiatica
Gaultheria fragrantissima
Lycopodium clavatum
Phyllanthus parvifolius

. Pinus roxburghii

Potentilla fulgens

Quantity (ton)

2.8
0.05
1.0
7.7
2.0
11.5
0.75
46.0
n.65
0.5
15.65
0.9
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Table 9

the previous reports combined.

ive

T-

19.
11.
1°.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
25
Z2d.

?2He

Overall quantity of medicinal herbs and essential oils from all

Plant species Quantity (ton)
Abies spectabilis - - 117.03) (E. oil)
hcorus calamus 8.95
Adhatoda vacica 43.735
Asave nmericana 2.3%
Areyatum conyzoides 2.33"
Alnus nepalensit 44.1
Amaranthus spinocun 0.36)
Artemiria dubia 171.%

A. indica .85

A. sieversiana 2.46"
Anpzrajus racemosul 0.0Y
Azadirachta indica 0. 78
terberis aristata 56.57

B. asiatica “3.,05

3. wallichiana 20.5
Terrenia cilianta 7.575
Jetula utilis 837.75H
Boenninghausenia aliiflora 0.8

Butea minor 5.05
Calotropis gigantea Te?
Caltha paluctris V. 045
Cannabis sativa 2le831
Cascia sophora 1HeA:

C. tora 17.609
Ce:ilrus deodara b.61 (kK. 0il)




Table 9 continued

26.
217.
3.
29.
30.
31.
52.
33.
54.
e
%6.
37.
48.
39.
40.
A1,
1%,
i .
45.
A6.
Al.
49.
49.
H0.
Hl.
7.
5%,
b4
oY

Plant species

Centella asiatica
Chenopodium album
Datura straaonium
Dioscorea bulbifera
D. deltoidea
Dryopteris sp.
Erhedra ferardiana
E. intermedia
Filipendula vestita

Frararia nubiccln

GCaultherin frarsranticeima

Geniiana prol:ita
Girardinia osnlaata
Hedera nepalentcis
Hippophae rhamnoidesn
Ipomoea aquatica

Jatrcpha curcas

~Jurslans regia

Juniperus indica

J. recurva
Lycopodium clavatun
sahornia napaulensisn
l.allotus philippen:e
Balva verticillata
llentha longifolia
Nardostachys grandiflora
Faris polyphylla
Parnaszia nubicoln
Phyllanthus emllica

P. parvifolijus

Quantity (ton)

18.73
0.04
11.37
97.4
20.395
4.1
18,85
i
u.ChH
Ihe © %
ATeYH
0.3
REWCL
0.1
8.99¢,
.5
3.7
A T
A5.9Y
20.9
2.1Y
4.08 ,
1.41
0.21
1.355
1.0
3.0
0.3%5
0.5
0.5
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Table ‘) continued

%6.
5.
53.
59-
60.
6l.

s
7 e

u3.
64.
65.
65.
67 .
63.
6.

Plant species

Picea smithiana

Finus roxburrhii

P. wallichiana
Flantaro major
Podophyllum hexandrum
FolyfFonum wmolle
Fopulus cilinta
Potentilla fulgen:
Primula stranosa
Prinsepia uiilis
Yheum pustrale
2hododendren anthoposun
o arhboroum

2. barbatum

2, campanulatum

R. setosun

“ana macrophylla

R. sericea

EFunia nanjith

Rumex nepalensis
Galix Labylonica
Salvia moorcroftiana
Uaitucus hookerii
Skimmia laureola
Golanum nculeatisoimum
S. xantl..ocarpum
swertia chirayita
Taraxacum officinale

Tralictrum foliolosum

guantity (ton)

28.35 (E. oil)
57-489 (E. oil)
121.405 (F. oil)

22.435
0.95
1..135

29..5

29.5UD
U.0h

19.7

0.l

H1.6

4337
£90.0
307.59

RN
0.765

10.335
0.h

A3.3%5
2.4
0.9
Jesh
0.9
4.7
550
H.1%8
1.3

et




Tatle 9 continued

Flant species

85. Thymus serphyllum
86. Tussilsgo farfara
87. Urtica dioica

88. Valeriana hardwickii
89. Vvaleriana jatamanzi
Y0. VYerbascum thaprus
91. Viburnum cotiniftolium
9. V. erubescens

93. Zanthoxylum armatum

94. Lizyphus mauritiana

Quantity (ton)
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20.2 SUMMARY

A quantitative estimation of harvestable quantities of 94
economically important medicinal and aromatic plants in parts
of 19 districts representing 7 zones of the country along the
route shown in Table 1 has been carried out usin;; quadrant
method during the period 1934-83. This werk of economic
mapping of madicinal and aromatic plant= has been presenied

in 7 report:=. The total harvestable quantity of crude :iedicinal
herbs and esrential oils along the route followed are es.imated

Lo be 4455.179 ton and 3°'9.103 ten revpectively (Takle u).

Among, the sindied areas, Jumla resion appears to he rich in the

coniferous population and Thywus =erphylium, Acorus calamus,

Rheum australe, Dioscoren cejloidea and jrinsepia utilis

(Table 2 & 7). Dhorpatin rerion has a good popsiation of

Abies spectabilis, Finus wallichiana, Jjoscerea bulbifera,

Juniperus indica and  gphedra gerarciana (Table 4 & 9.

The Langtang-voraikunda repion was found o be ricen in jbie:

spectabiiis and Juiiperius recurva popuiation (Table 6). Dolpa

ression is rich in Ephedra intermedia, gheum australe,

?odophyllum hexandrum and conifersz like Abies Spectabilic,

Picea smitniana, Finus roxburchii and Tinue: wallichiann

(Table 7).

The rain-chadow and comparantively lenas fertile resiont of the
present study area, such as the northern part of holpa
district provide nanple oprnortunity to divert the local
inhabitants towards cultivating important medicinal plants

like Rheum nustrale, Hardostachys prandilliora  and

TPodophyllum heyandrun  {in Lha barren Jands, cujted to the

Jocal clinmatic conditions and alto having increared exporl

potentinlity.
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20.3 HECOMMEEDATIONS

Fefore collection of medicinal and aromatic plants, the area
should ne mapped. This can be done by the Department of
Hedicinal Plants and the findinfs should be handed over to

to the concermed District Porest Controller Cffices.

The economic rapring activity should be conducted at least
twice in each locality in different seasons in order to obtain

¢ata on maximum numter of economically useful species.

The Ilepartment of Medicinal Flants should rerularly arrane
rhert -lerm training prosrammes lor the Forest Officers of ali
tisztricts. They rhould be trained regnrding the controljed
and planned harvest of diiferenrt medicinal herbs, and their

drying and storae.

“he Department f U'edicin-] Flants should nrovide varions
information on ‘echniquers of collection of differrnt medicina
herbs, their prover drying and storare itechniques to the

Dictrict Porest Controller Offices.

Collection of medicinal herb:s should be permitted by the
Dbistrict Porest Controller Offices and the permiszeion should be

based upon the available plant recource of the aren.

The Department of Medicinal PFlants or the Herbs Production and
Procensing Company can provide at least ons rortable type of
cistillation unit sco that considerable amounts ol leaf-tops
from the standinsz conifers and also the whole Jeaf-tops I'row

the treers cut dosm for nome othnr purpote can be ured to extract

[

w:e essentjal oil alons with the cost/benelit ratin rindy ac well).




8.

Kased upon the findings of ecoromic mapping, introduction of
useful plants in the poszible leocalities should bhe encouraped.
In this concern, Faharigaon and Tatopani regions of Jumla

district aprear suitable for the cultivation of Crocus sativas.

The local ncople should be provided wilh the prim:ry knowledge
about the important medicinal hurts rrowin: in tneir surroundinss
so that no valuable medicinal plant be destroyed due to their

ifmorance.

Atteapts vhould e furewarded towards sradually replacineg ihe
export of erude nodicinal herbe by the :rocessed or reni-

sracesred product::.
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4. Perspective

1. The project is in an area of scientific, socio-cultural and
health sector importance and has the potential of contributing
to the economic and industrial development of Nepal, and is thus of
great relevance.

2. The project was initiated to strengthen the R & D capability
in Nepal for processing and utilization of plant products and
to make better use of its Ayurvedic Drugs.

3. iIn the long run it is ouily through development of R & D
strength and establishing a self-reliant base of technoloqy
that a country can become self-reliant.

4. The Royal Drugs Research Laboratory occupies a key position
in the field of drugs and pharmaceuticals and plant products
research in Nepal. It is the only laboratory which was esta-
blished for and has the capability to do this integrated P & D
work covering a number of desciplines. It has played an im-
portant institutional building role. Jt helped to establish
the Royal Drugs Ltd. in 1971, the main pharmaceutical industry
unit in Nepal. It helped to formulate the Drug Administration
establish»d in 1979. It helped to establish the modern herb
processing factory The Herbs Production and Processing Co. Ltd
in 1980. RDRL has close links with these and othcr institutions
connected with research on plants and their utilisation and
thus is the focal institution for R & D in this area.

5. Through this UNIDO project NEP/80/003 there is now establish-
ed:

- good infrastructure of equipment & essential facilities;

- staff has been tiained in the modern methodoloqgy and
techniques of most of the cognate desciplines, which has
been supplemented by the inputs of the experts in some of
the crucial areas by hands-on-the-job experience in rDiFl;

Y




- with project based functioning of R & D programmes ,
a scientific management structure has been created wvhich is

conducive to better outputs in multidesciplinary applied
research;

- inter-institutional links have been established with some
organisations likely to utilize the R & D outputs of RDKL
in the form of Joint Co-ordination Committees.

6. The major equipment of the Pilot Flant at Godavari, though a
nucleus of it existed as a part of RDRL of Thapathali, has been
established primarily by the support provided by this project.

It is now f. 7 installed. The expert’'s inputs have been very
valuable in ! operationalisation of the equipment. Ac is

pointed out in the report of the expert appended with this

report (Annex 4) some design deficiencies have been noted due

to which some equipments will need modifications alterations to
make it oprational. Though this equipment was supplied at the
instance of IIDRL order and also accepted by them, but a reputed
company like Tournaire should advise the Labs in developing
countries 1like Nepal better, and supply equipment which is

truly multipurpose and flexible in operation.lt is suqgested tha':
(a) UNIDO should point this out to Tournaire  and use its good
offices to make them agree to modify the equipment as necessary

to make it operational. Failing which the modifications will be
done in Kathmandu but this will need additional funds approx.

UsS $ 10,000.00. (b) In future when equipment of this magnitude and
cost is imported in the contract of supply there should be a

clzuse for on the spot inspection by the host lzboratory scientists.
(c) Kathmandu has good equipment faﬁkication facility, and RDVL
should have considered getting some of the equipment such as
percolators locally fabricated, which would give valuable experience
to local fabricators and saved RDRI]., some money.

eee/oee
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Nothwithstanding what has been said above the equipment that is
in operation provides a unique pilot plant facility in Nepal,
and is amongst the best available any where in this part of the
world. It would be useful to establish suitable mechanisms for
various types of sponsored research projects so that optimal

use is made of this excellent faciiity and the equipment is kept
fully used and occupied.

Thus as a result of the inputs provided by UNIDO is the project
the basic infra-structure and organisation have been cruated in
RDRL (& the pilot plant) to achieve the objectives set for the
proj2ct. The project has the right perspective and the programnmes
are moving in the right direction, and some hard outputs as
indicated in the body of the report are already visible. And

if the momentum could be maintained, more outputs will follow,

The main challenge is how this direction and momentum should be
maintained, and *h2re is role both of the UNIDO and HMG's/RDRL

in this.

UNIDO must ensure that all the gains made through its investment
of funds and the time and the effert of the experts are consolid:ted
and get emmeshed fully into an abiding structure, and lead to

the establishment of a self-reliant technology base. For UNIDO

to withdraw suddenly when the present project comes to an end in
the end of July vill create a vacuum particularly in the Pilot
plant Laboratory which has been made operational just recently.
The bigger problem is the lack of funds from normal Govt. channels
due to financial cuts, financial stringency and freezing of posts.
UNIDO will thus have to think of some alternative to meet this
situation and to provide support to the project on a continuing
though graduadlly diminishing basis. One way and perhaps the ideal
are would be to continue the project for 2 years more for sr

very specified projects/components. In the form of a Phasing-out

eoef oo
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Grant, of about $ 125000 and $ 100,000 for some essential
chemicals, spare parts, and equipment and wmany selective study
tours or conference deputation. The main point is that continuing
support for a few more years is necessary to consolidate the gains
of the project inputs. It takes time to build up scientific tradi-
tions and culture in an institution, particularly in developing
countries, and now vhen the movement of the project in the right
directions is taking place it is best to help to consolidate it.
IFor RDRL, it is most important that its scientific staff must
develop self-confidence that: "we can do it™; that: "nobody from
outside can come and do the job for us,: we are ourselves competent
to do the job well™. To this there is no short except to go the
hard way of hard and patient work. The senior staff must provide
the leadership for this. This will create the self-reliant outlook
vhich is most essential for the laboratory's output. This is the
challenge wvhich RD:L has to meet. The scientific staff of RDRL

is competent by any standard but needs to develop the self-confi-
dence. They must also be accountable and ansurable for the con-
fidence repos~d in them. The phasing~out period will be for EDRL'S
staff to show its mettle and strength.

HM; must step up its support for the laboratory now that INIDO's
support is coming to an end, so that the laboratory can maintain
its dimension of activity and even expand to serve its objectives
even better.Some of the facilities created at RDRL this project
are extremly valuable for Nepal. These include the Animal House
and Instrumentation Section (and Glass Blowing Section when it is
fully operational). Many other laboratories in Nepal, would need
these facilities;. These facilities are not easy to cuplicate. Jt is
suggested that with further support these facilities should in
enlarged to serve as National Facilities. Users rommittees may in
formed to work out the structure and mode of operations if these
gsections to serve as National facilities.

oo/ oo
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11. Research Advisor of Committee. It is suggested that for
evaluating the scientific work of the institute Research

Advisory Committee should be formed, with experts drawn from
University, Medical College & Industry & other user agencies

who should review and monitor the work of the Institute, advise
vhich projects should be continued, and those which have not

made good progress should be dropped, and also suggest new
projects. Funding would get related to the projects and will
introduce accountability for the scientists. World experience has
shown that periodic External review is most necessary for the

scientific institutes to bring in fresh ideas, remove bias and
vested interest in research pro jects.

12. Inputs needed
The Pilot Plant Laboratory vill need additional staff to fun-
ction efficiently and to be able to generate the much needed

process design & engineering data.It should have the following
additional staff immediately:
1. Chemical ENQiN@erS ...cccecevencersconccnonncnscessl
2. Analytical Chemist for Process Control Lab. .........1
3. Boiler Asstt. trained ........cc.vieceeervnceccensl

13. The Drug Quality Control Analysis service provided by this
RDRL has-been very valuable for the Department of Drug Adminis-
tration. The analysis carried out so far include only the
conventional pharmacopeal test of dissolution, disintegration
etc. Many products now require bioavailability studies. F rther
now that local pharmaceutical industry units are being establi-
shed it is important to demonstrate the equivalance (including
bioequivalence) of products of local industry with the imported
products. This will create confidance in the products of local
industry. These tests of bibavailability and bioequivalance will
require upgrading of the Drug Anslysis capability. It is suggested
that Dr. P.M. Adhikary ,. Ghief.,,. Royal Drug Research Lab. be deputed to

a period of 3 weeks to United Kingdom & Sweden to make a special
study of this Government and Private Industry Drug Control

Laboratories to know the latest developments in the field of

voefooe




14.

15.

Bioequivalance and Bioavailable studies, and help to upgrade
the Drug Analysis Laboratory at RDRL to include these analysis.
This name is suggested in consultation with hr. S.B. Malla.

As the drug analysis services are becoming more and more
specialised, the cost of these services is going up. Although
so far RDRL has been providing these services without any
charge to the DDA, it is suggested that a suitable charge
should be levied for these services to DDA, who covld in turn
charge the industry or chemists who samples are analysed ard
tested.

The freeing of all fresh appointments and new posts, inter-
departmental transfers irrespective of descipline speciali-
sation have also adversly affected the project execution.

Drug development does need a minimal viable staff component to
be able to cover all the stages of drug development from

isolation of the product, pharmacological evaluation to develop-

ing suitable pharmeceutical formulation; preclinical toxicity,
and human safety studies. With the freeze on new posts it was

not possible to have staff wvho could be trained in some of the
specialised pharmacological and preclinical toxicology testing
techniques, which has left a oap in the capability building in
drug development proaramme. It is suggested that at least four
more scientists with an equal number of technicians should be

added in the Biology Division, with at least one of them being
a Phathologist, and only “hen it will be possible to carry out
any meaningful pharmacological and toxicological evaluation of
the products. As it is there are many jobs to be done and very
few staff. In the iong run it would also be useful to create &

new

group in fermentationtechnology as this area is of much relevance

in the context of Nepals industrial development. A note high-
lighting the importance of this area for Nepal & the facility
already available at RDRL is given as Annex 7.

The lack of funds has affected the library very adversely.
Library in any institution is its nerve centre and must get

the core periodicals and annual publications. Although RD'L
has a reasonably good collection of old books and journals,
but due to lack of funds it is getting practically no current

.o-/ooo
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periodicals except abst. list and very few Annual I‘eviews,
Monographs or books. The long terms effects of this depletion

of funds to the Library will be catastrophic for the laboratory
scientific staff when they do not know ’what is happening in
science in other countries. A National Library Exchange for
Science Libraries may be evolved by which the institutions

can share and exchange scientific journals and books; to begin
with a catalog of all the journals available and currently
subscribed to by the various science institutions in Kathmandu
may be prepared.

One of the best ways to ensure prompt utilisation of R & D
outputs of a research laboratory is to encourage sponsored
research for the user agencies. In the present climate of
dwindling budgets and financial stringencies sponsored research
can also provide the much needed additional funds. However, in
Nepal according to existing financial rules any funds received
from outside agencies gJo to general GGovt. revenue and can not
be used by the laboratory even if the laboratory has to spend
extra funds to carryout the sponsored research. This does not
provide any incentive for the laboratory or the scientists to do
the extra work. There is need to reexamine the rules, and to
make a provision so that: (a) the funds earned by the laboratory
by doing sponsored research and providing special services
should be retained by the laboratory; (b) the money earmed by
the laboratory as consultation fee or as royalty' from new
processes or products developed should be shared by the Govt,,
the laboratory and the scientists responsible for the work.

This point was discussed at length in the TPR meeting held on
June 16, 1987, and the Chairman & Secretary, Ministry of rorest
& Soil Conservation agreed to the principle of the laboratory
being allowed to keep at least a part of the funds earned.

A concrete proposal in this regards was submitted to HMG in
October 1987, This case should be seriously taken up and applied
in the R & D institution for creating confidence in the scientific

aa-/-..
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commnity & to generate self-confidence in the scientists -
which will help in strengthening of RDRL.

17. Another factor which often delays the speedy implementation
of the project schedule is the need for HMG's separate per-
mission for each component of the programme though the overall
programme is already accepted in principle by UNIDO & HMG as
both are signatories to the Project. There should be no need
to obtain HM;'s fresh sanction for each component so far as
there is no deviation from the project document and it should
be left entirely to the Project Manager (or Management) to

execute the programme in all its details.
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1) (2) (&) ()
. 42,764
9 15=3=NOW22 Technical Paper 425 Abj 112 Coods received and delivered
Jecnaical Parer 525 to RDAL.
Technical Paper S563.
10. 15320042 Sudscription of Sooks. 3,812 3ooks islivered to RDRL.
qty: = lot.
11, 15=3=110473 Lectronic Microbalance ¥-3 4,272 Sauizmrat received and
delivered to RCRL,
\
124 15=3=110u04 ‘later 3i-lis~illation Acparatus,ons 4,282 Zquipment received ana -
3 1/M, 220 Yolts/3Cile; delivered %s TAl, -
one Cell iomogenizer; 1 protective o
aetal beaker, one set of apare paris )
for water still exactly as per X llo.
4272101 stc,
13. 15=3=110450 Labe Zquipmenta f{rom Xarl Xolb Jmbd 1,592 Zgudnment received and
+ Co. €G, TG, deliivared o RDRL,
1, 1223310589 Diesel lJenerator MYodel: NF.?73, 73 10,329 Zquizmen: received and
XA, 32,4 M, 400/23CV, 3 “hase, delivered %o Oil.
4 wire 30 ilzs complete with automatic
transfar ievice with penel. ‘
1Se 15300699 Modular Termenter with accesaories. 3,631 " " |
15, 15=3-00726 Capsule Filler Model bb=A/%; 12,900 " "
accessories forprocessing capsule
sizes nose 1 & 2 with spare parts;
Capsule filter Model Sb-3/8;
accessories for procesaing with
spare parts etce
Sub Totalli= 9?'..965
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2auients orocurred and delivered to

Status as at 31/%/%8

3le oo

Pede Voo

(2)

Deacriprion/lupplier Amouns in UJJ
(z) (4)

Sub Tocal Reaarks
(%) (5)

()

22,

i)}

7.

15820297

13-5-202¢6

1%5-2C319

18-5=~202¢2

12.G20%2

18-3=-20493

Aldrich Litrary of TT-IR 3pectra, 1,0c8
2 Vol. TFTalR Peak Search Sata laas

ind softvare for .pple IIZ, IIC

II Plus Computers {21377bus),

-“/s‘ Adrich 3?10'!1:&1: :o.'

Milvaukse, ‘Wisconsin §3201, via,

Asbestos Jloves, haviay flantel %0
iinking 14" gize. .sbestas lone

with different iia,

/3. United Asbestos !FFC. 0.,

33/°3 lletaji Susash Road,

Calcutta = 7CCCO1, India,.

laboratory Supplies, 7o
/3. Xarl Xold ¥ S0, 3.,
3€72, Ireich, FiC.

M Precision 3 iaches Misepy 33
dakeztes, 3ingle size ioudie

density hord sectared 72 nuss.

WEe 2edeHe Ses scauer lande

A=109C, Wien, Austria.

<pare zarty of Varian DM¥450."MR, 1,331
W3, Yarian 00, Steiarausersrasge,
SHA3CC, lug, Jwitsertand.

2c60a, Digisal Multiaeter, HUgh 391
Voltage 3ISR® Aigh frequency srobe,

5CO 173,

Mf3. Jokn Tiuke Iat 'nal Cory.,

P20 30x=09C90, Iveret:, U3d.

2ectronic Comnonents % aceeasories, 1,026
W/3. 33 Componancs Ltds, Coruy
Yorshanta, MNP0, Ui

1,008 Zquipment received Ln
800d condition and
delivered %o RAL,

1 '3,8 1] "

5,10k " "

5,417 ' " "

5,963 " "

7 '559 " "

no/oo

- 611 -




3l.%.

(1) ¥

PO Mo,
(2)

Desaoript 1::{3\;»11"
3

Amount {n U3}
(+)

Sub Total
(s)

h?ﬁkl

-

-

.

b5

1550k 18

15430312

18620340

15=5=2C341

CRICMOSCRY &% acceszéries of geleo
(3as, liquid, chrseatography).
V3. let Chemikalien, 7er:cievs Jes
34%.3¢, 4lon, Vienna, Austria.

dooks in 1st.
WS+ 38 Components Ltd, PeleMpran?,
1,"?'1‘“0.' Jela

Perfize 3 Tlavour ghemicals

(2 Yol. sach aet). .-
W/S. Maria G, Arctander, 5655 “alley
Ylev Jlvd, las Vegam, Nevada 19113,
USaA.

Wolf 154, Two speed power operated
Yand Orill complete with ahuck Key
and sise handle, electrics 20/20v,

(:=3)33, Wolf 3793 3lower pover

operated, Xlectronics 220/240Y and
sttional items ote,

W3+ Xenaedy International Ltd.,
“ingston, Mancester, LS Lay, Y.%.

«~2 Meter 42614, TTWOTL/XTL,
Logic Comperator, logic Probe,
logic Pulser, Family Zurrent Tracer,
Wis HewlertePackared Jo. Tal. U3A.

Cecillascope 2236 component kit,
pover zodule,Fotn Generator,
Cata Analyser, Plug ete.

WS, Tektronicx Inc. 3averton,
ol'.m - ”W’. usAo

Iyl

2,218

21,+31

12,329

131229

14,394

16,410

29,290

42,071

Zquizments received
iz gs0d condition and
delivered to RONL,
qty1 5 nos.

Sooks delivered to
DAL in goed condition,

Jooks delivered to
fORL in good condition,
qt7! 5 nos.

Zquizsent received in
g90d condition and
delivered to A,

- ozt -

Zquizaent delivered to
LA in Good snndition,

Iquipment delivered to
DAL ia good coaditian,

oo/o'




(1)

(2)

(3

()

(5)

M
\n
P

n

- o ®

b,

15=6-20826

15820814

LPA. Vide
Cable OW232
seat fraa Qs

15-5-20654

15620992

15-6-31379

General Purysae Tepered

wamer, Ilectreaic Leaner/
o!'etr‘.culy coaducive silver
Sonzonent/cooler/parsicles Tezover,
M/3. lTendy Sorporatisn, 3ilston N,
Wednesbury, West Midlands, .4,

Ciosla Mocal 14,3, Single Cylinder,
Sinzle staze Alr Compresaor,

3. X.3. Khosla Compressors itd,
Oeshbandhu Supta d, Jlaw Delnd,

Anizal Cages.
¥/3. Misrau Tpaders, loorki,
hdilo

Multiseter Digisal dandled Model
2102,
W3. lindustan nstruments Ltd.,
5C2, Vishal Zhavan, Nehru Ad,
dev Delhi - 11CC19, India.

4ansaling Oven, Slectrically
operated Thamber.

/3. Therelse Turmances Pvt Ltd,,
M3 d o, 23y Jagle Industrial
Satate, Thane - 4CO S04 -,
klbly.

lad. Zquipments.

¥/S. labortectnic GMag + Co, Ka.,

Sichkoprelveg - 101, D-2300, Kiel,
saagen, FXG,

Filter Press Staialess 3tael Mounted
with Puwp Zo- yTup, 4CxuO ca,
<50 208, 3 i ter Plates,

416

a3?

5,4C0

20,975

3,126

43,927

Lg,172

73,098

Zquiraent ot ag yot
arrived, Cable already
sent to UIIDO, Vieana
for folloveup sutiom,
with supplies,

Lquipaent received ia

&00d condition and
dedivered to ORL. qt7! ome
unite

Goods ielivered to RORL
in good condition,

- 1er -

Zquipmeat delirered to
AL {0 good condition,
qty: ome uni:,

Zquipsent received ia
800d condition and
delivered to RoaL,
qQty: one unit,

Lquizaent delivered to LRL
in good condition,
qty: Lot,

Zquizmeat delivered to
DRL {a good condition,
The equizaent is IWplied
uncer itvea no, 5 of P.O.

o'/-o




(1) (2) 3. (+) (5) (3)

43 15-6-31379 Mixing Tank 33 (Capacity - - Zquizaent reeeived but not
1C0 litres) jacketed for hot provided with accessories,
water heating with cover and 80 the aixing tank returaed
agitasor with one aecessary to vendor for replacemeat
sparsparis, delivery. qtys onme unit,

3, w Coating Pan 16 in. 3ia. comzlace - - o Joods delivered to RDRL in
with hot air blower IC? 2, Jood conditien,

a4, " 933 Jotary Tadlet Machine. 33,415 161,314 Squizmant received {n good
(10 ons Pressive) coaplete with coadition and delivered to
Jsc an1 Punches (20 sets 5/3, WDl !
1/2, /16, 13/32, /3, 5/16 in —
bevelled punches; N
/2, 2/16, 13/32, 5/16 in challow ~
concave punches), Hydraulic Press- !
ure indicator reduster and dust
sxtraction unit (3 puncnss) and
accessories,
W3« LeT laborsechnik Cobd o Co. %G,
Sichkoppelveg 101, D-23CO Kiel,
Kronahagsn, 730,
(Atta: Mr. K. Schaide).

I 15«6-31331 Planetary 3tirsing, Xreading and 9,550 171,064 ' Zquizment deliverad o PORL

*hisking Machine, Tlactrs Japi 4
tyve HR 60 wilh an infinitely
variable speed gear for Tany
Sueeds and electric wotor thres-
phase current 330/220 volts,

50 Cycles, 1 howl Seraper, cable
and plug.

H/S. F. Hﬂ'blt * c°c'
Dytkhofstraase 74 Postfach 100
638, 4Louo Neuss, FRG.

in good ceaditien,

C./'.



(3

(3)

£3)

e
Y]

Tablet Hardness Tester = Two

Tablet Fribrialatar - One

Tablat Frisriality and Ispact
Testizg Apparatus - One.
Asintegration Testing Machiae « one,
M/3. Ireeka Apparatebau Gmbl.,

Pace Jox - 1253, Ottostrasse :Cwéd
=A30%3., .eusenstamm, T C.

Hordenmatic €20 M Tubde Tilling and
Clasing Machine 'vith equirmen: as
per attached copy of specilication
sheet 30, 25/33%a,

Pow:r Supply 33/22CY, 50 HI and
3307, %0 {2, 3 Fhase.

M/3e Norden A3

Jox = 348, 3 = 391 23 Xalmar,
Svedea (aAtta: Mre L. Lljung).

Llectronic Components.

¥/S. India adio ¥ Zlectronics
<orpyoration.

13«14, i uiliing, Prathana
lanaj, 3cabay = 4CO 2C4, Iadia.

3iological esearch Apparatus.
W3.e 0G0 3.3IL3, 7iale 3. dorghi, 43
2102% Conerio - Varese, I[taly.

Techno Histometer ¥ Techno Cock's
Pole Jli=ding lasronse Apparatus
with accessories,

V3. The Techno Ilacironics,
talbagh, lucknow -« 228CC1, India.

175,32

220,32%

220,120

al- ‘:5:.

0,5¢9

Zquirment received partly
in good condition and
delivered to DRL. Rest
of the accessories qty: 8
acs. a0t yet received aa
Per Peds, cabls already
sent to !Cs. requesting
sugrly of the above itens
frem vendor.

Zquizmen” received in
good condition and
delivered to RDRL,

Goods received in good
condition aad delivered
to L. qtys Lot.

Squipment received (n
good condition and
de.ivered to Ail.
qtyt 4 nos.

Zquipseat still awaiting
from the supp.iyT

oo/co
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Description/Juppiier

Agount ia JS3J

Xsoarks

LY}

3last 2urer, Gua=tyze, 3ixed gas
Jeed, with § intersaangsable jets
LeT Yo. 125/2PS,

¥/3« LASORTICLIIX Smbd + CO. LG
Zichkopreluweg 107

D=22G0 RieleXrorshagan, F3G.

3last Jurmer with three stopcocka
for Gas/Air/Oxygen L+l Yo. 103 23L.

Hand torch, with three 3tcacocks
for gas + oxygen with aozzles of
dirfarent sizes L+T Mo, 141 PSleA,

Carbon flats, svacial 2aterial size
€c20(50X5m
3ize 5 - 2€0 X 50 X 10 .

Carhon ods, aon porus, (10 sca)
size 5 ( 3CO =
Dtaey 3 X 3C0 mm (12 zes).

Forceps, specially lesimad %o work
ia zlass blowing lamzth IS0 ™
0294, Lengsh 30O mm.

Scoring tool, nacde of “ood aandla
Dto., on heavy base wish rotating
disc.

Flask holders, with steel Jaws
2ight weight for flasiks 1C0 21,
Dto., for flasks 50 =1
Dto., for flasks 250 a2l
2to., for flasks 5CO 31
Dto., for flasks
Mo, far flasks
Staey far flasks

Vi 2

1
1
1

Zquiroent delivered to
LR in good cendition,
Stzt 1 no.

Zquizsent delivered to
DL in good conditionm,
qtys 1 sa.

Zquizment doiinred to
DAL {n good zondition.
qty: 1 no.

Iquipe delivered o O
i3 good condision, . .
3ty: 2 nos,

- gzt -

Znuiz, delivered o ROAL
in sood cundition, *© -
qtyt 2 nos, "

Zquip. delivered o DAL
{a good condtition,
1tys 4 cos,

Zquipe delivered ‘o FTRL
in good cendition.,
qt7: 2 nose

Zquin, delivered %o IDRL

in good condition,
3ty: 7 nos.

../'Q



3l. No. P.Cs No. Description/Supplier Amount in USS Remarks

2%, 15«7-31060 Glass cutting zachine, electric Glass cuttiang wheels received
drivers, to cut glass tubing by in broken condition, Otheér
using diamond cutiiag wineels o? equirment delivered to ITAL
3C0 »» dias, Complete with coaling in good condition,
water supply Ior connectiosn %o the qQty? 1 29, with accesscries,
water aains. 380 Y, 3-ph.

3=, " Glass 3lowing lathe,for shapping st. Lathe facilitated producing

- Joiats, stop cocks, flanges, bulbs different types of ground !
eccs 2 Jaw Zouble check Y shagebded, Joints and stop cocks doubdle -
tools stock etc,elec. motar 230 V., hiaded not srovided for P
del. 50 Hz 1-ph. other purroses. Lathe: '
1 set of necessary accessory for qt7e me uait with other
above aentioned lathe, consisting accosscries delivered to RORL
of: in good conditicn.
= Ray-orerated three<jaw chuck qt71 1 20. vith accessories.
= adde. 2xtinsion of jaws
= ¢lamping unis,

22, » Glass Griadiag ‘achine, for Olass Qrinding Machine aot

: g>inding stopcocks, s%., joints provided with three Jav Chucks
Tlanzes etc, with 3 Jaw=Chucit, dyates and grinding Jisc for
lleavy construction notor, 320 Y, surface grindings ZIZquipment
J=phase. 3 speeds, clock wise aad and other accessories
anticlockwiae motion wi:h reverse delivered to RDRL in good
sedal switch. condition,
Accessories Grinding Disc for qty: 1 no.
drinding flanges etc. L+T ilo.
7 32a/7164/7160.

LN " Brass shapers,for shapiag st. joints Zquipment delivered to RDRL

stogcocks, etc. size 3.7,
Cto., size 3=10
Ho., size 3=14
Xo4, 8ize 3=19
Moe, 3ize =24
3toe, 3ize 3=29
No., size 33

in good condition.
qty: 35 nos.

.o/c-



S1, No. P.J. Yo, Description/Supplisr Amouat in U33 Remarks

3. 15=7-21060 2 3e, 3ize 340 Squizment delivered to

D%0e, 3ize 3=45 DL in good condition.
Total qty: 36 nos.

3% " Grinding Cones Male and Temala, Zquinment delivered to
2hould have accurate angl2 & AL in zood condition,
1/10 degree, size 7. Total aty: Sb nos.
to., size 10
Sta., size 4
Zto., size 10
Ota., size 24
Dto., size &9
Mo, iize 3b
Dto., size 40
Do., size 45

Tl " Grinding powder for grinding Zquigment deliversd to
st., joints, =esh 129 FL:L in gzood condition,.
Sto., nesh 180 qty:2Snos.
D%o., mesh 320
Alternatively:
Pto., aesh 3CO
Dto., mesh 4CO

24 " Glass strain finder for detecting Zquizment delivered <o

strains in Glass 3lowing work.
220 7olts, 50 c/3, siagle thase
No. 90/0S5.

Total Amount:- 20,237

DAL ia gcod condition,
qty: 1 a0.

As per MITO P.0. No.
15«7=31C60 issued on
17 September 1547,
(Field Zeq. Yo. 26/7)e

oo/oo
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Pilot Plant Souizwent

SERtus 18 Ak 21/3/93

. No. Pude No. Description Sugplier Anmo in 733. Date Settled Remarks
(1) (2) &Y 189 (s) (2]
73, 15-2-X0649 Psrcolation unis accordiing to 15/7/33 Zquirment received and
achene, delivered %o ALAL {n
¥/S. Tournaire 3.a. good sondition,
B.2¢ 4 Plan e Grasse qt7: one unit,
C6333 3irasse
France. Atsa: J.t, Chiocci.
W, " J=stage aixer-setsler aczarding " " "
to flow sheet &3 54,
|
?<, " Concen:ration un:ss upder " Zquizment received and ! -
vacuum type S5C7, delivered to ADRL in 1
8001 condition,
qty: 2 wmits, !
2%, " Sxtraction unit, *7ee 3oxhlat, " Zquizment received and
according to scheme IF23, lelivered to ADAL in
goed zondition,
Qt7: one unit,
e " Filtration unit, type 423, ¥ " "
aczording $s scheme 122,
-1, " Filtration graup, acecarding %o " w "
scheme ICH 129,
79« » Primary evagoratisn unit. " " "
20, " Veraatile extraction plant " " "
tn. st.
21, " Thit for extraction of pine " " "

tree resin,
Total amount for 9 items:-

The total amount includes
$ 20,CCO freign: charges.

-o/co



(1) (2) 3 ()
12, 15<2-2026% Vacuws Pump body Zquipzaent expected in Mid Hay'82
M/S. Tournaire. qty’ one unit,
3.7, b Plan de Jrasse
53323 Grasse
Trance.
Atta: Ar. Jole Chioccis
3z, w Georgin Regulation Jalve " "
2or Yacuum Punp.
W, " Klein Valves N 10
(8 /2" « 2 34" 21") qty: 3 nos.
iz, " Sarco 3P 422 3teaa .‘;'apa. qtyt 4 zos.
25. " readed Yalves (23/L" - sX1/2") qty: 4 nos.

Total amount f'r 5 itemsi-

1,513

- o€l —
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Equipwment/spare parts of FT-IR for RDRL under process of procurement

S1. No, E.P.S. No. Description Amount in USS$ Remarks
13 001580 FT-IR major spareparts 9,173 Order placed on 9 May

1988 to M/S.

Nicolet Analytical Division
Madison, WI=53711,

USA, Confirmation

from the supplier is
awaiting.

with accessories

A S S
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Training already fulfilled

10.

11.

12,

13.

.S.m. al";_iate

1. ur. D.D.
Bhattarai

2. Mrs. Muna
Ra jbanshi

J. Mr. P.M.
Shakya

4, Kr. M.P.
Amatya

5. Mr. C.P.
Neupane

6. ur. L.K.
Vajdya

7. Mrs. Kamala
Ri jal

8. Mr. S.K.G .
Joshi

9.

Field
Drug Analysis

Microbiological
Assay

Bioassay

Drug Analysis
Drug Analysis

Microbiological

Bioassay

Mrs., Hari Devi Instrumental

Shrestha

Mr, N.P.
Shrestha

Mrs. Padma
Prajapati

Mrs, Sumitra
Vaidya

Dr. L.R.
Sharma

Methods of
Analysis

Training in
unit operation

Duration

6 months

12 months

6 months

6 months

6 months

6 months

12 months

6 months

4 months

6 months

in the extraction
of medicinal plonts

Training in
Phytochemistry

Training in

Economic mapping

6 months

3 months

6 months

Institute

Central Drug Lab.,
Calcutta.

Govt. Analytical Lab,,
Bombay.

Hindustan Antibiotics,
Poona,

Haffkine Instjtute,
Bombay.

Central Drug Lah.,
Calcutta.

IDPL, Rishikesh Centra
Drug Lab. Calcutta.

National Control Lab.
for b_ologicals,
Bangkok.

National University
of Singapore.

U.K., France, F.R.G.,
India.

University of Sydney.

e L

Italy.



S.No, Candidate

14.

15.

16.

17.

18.

19.

2.

Mr. B.B.
Basukala

Mr. D.P.
Shrestha

Mr. B. Das

Mrs. Madhavi
Shrestha
{ Deceased)

lb'.I L] A-K.
Pandey

Mrs. Raiiila
Joshi
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Field Duration
Farm Management 3 months

Maintenance of 6 months
Pilot Plant
Equipment

Training in 6 months
Synthetic
Chemistry

Practical Train- 4 months
ing on analysis

of Pharmaceuticals

& Crude drugs

Training in Glass 6 months
Blowing for repeéir

& fabrication of

lab. glass apparatus

Training in 15 months
Synthetic
Chemistry

Study Tours/Seminars already completed

Candidate Field Duration
Dr. S.R. Asian Chemical 6 days
Adhikary Confercnce of

workshop on micro-
computers in lab.
automation
Mr. A.D. Pilot Plant 1. month
Shrestha Equipment

Management

Institute

India

India

U.K.

F.R.G.

India

U.K.

lnstitu&g

Singapore.

Italy, France,
Austria, F.R.G.,
India.
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S.No. Candidate Field Duration Institute

3. Dr. S.B. Manufacture of 6 weeks Bulgeria, Hungary,
Rajbhandary drugs based on China.
medicinal plants

8 essential oils

processing
Dr. P.M Quality Control 3 wecks Netherlands,
Adhikary aspects of drugs F.R.G., Japan.
Dr. S.R. Quality Control 1 month Norway, U.K.,
Adhikary aspects of drugs F.R.G.

Study Tour to be completed

Dr. S.B. Malla-Research Develop- 1 month Australia, S. Korea,
ment aspects of Thailand.
Medicinal Plants
based drugs

Under Trainign

S.NO. Candidate Field Duration Institute

Mr. Y.N Terpenoid 6 months Maltichem, Baroda,
Sukla Chemistry India.
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Under Process for Training

S.No. Candidate Field Duration Institute
1. Mr. A.K. Toxicology/ 3 months India.
Agrawal Phcrmacology
2. Mr. A.N. Pharmacological 3 months India.
Poudel Screening
3. Mr. N.R. Drug Formulation 3 months China.
Joshi
4. Dr. K.R. Pine rosin 4 weeks $ndia, Australia.
Amatya Chemistry
5. Dr. Timila Ergot 4 weeks Hungary.
Shrestha alkaloids
6. Dr. A. Centella 4 weeks France.
Rajbhandari Asiaticoside
glycosides
Te Mrs. Bimala Tecihnical 4 weeks India.
Pradhan Planning and
Evaluation
8. Mr. R.R. Process 3 months Japan.

Prasad Technology




- 137

- Aex —~ 3 o
Agency Personnel (Experts) ( status as at 31/5/88)
Sl. No. Name of Incumbant Post Description Arrival Departure
T1e Mr. John G. CTA/Production Aug 1nE2 Feb 1034
Meredith (U.K.) Technnlofist.
2e Dr. J.P. Willians Phammacolorint. Dec 1952 Hov 19%3
(U.K.)
e DPr. Jan Karlsen Analytical Jon 1973 Jan 1°°h
(Norway) Chemist.
h, Mrs. K.M. Cordes Micretiolofict. Jan 1073 Jul 1953
(Holland)
5. Mr. Y.J. deBoeck Feconnmist/Anrocinte Mar 19272 Frh 1073
(Belpium) Hxnert.
6. Mr. F. Sandberp Con~ul!-mt in Apr 1282 Lay 10852
{Gweden) Phairmacelogy.
" " Sep 72 Ot 10Ep
7 Dr. O. Bojer Bxpert in Far 1004 Jul 1405
(Rumania) lconnmic Mapping.
Se Dr. R.C. Srimnl Pharmacolopist. Mar 10087 Fay 10707
(Indi=)
9., ° Mr. S.K. Suri Expert in Jan 190¢& May 1087
(Indin) Instrum-nt
Maintenance
10. Mr, M.B. Narashimha Process Jan 1984 Jun 19°F
: (India) Technolorist.
1. Mr. ¥.D. lenry Expert in Glass Jun 1983 Jul 198

(Sri Lenka)

Blowing.
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Annex - 4.

The Status and Prospect of
RDRL Pilot Plant Laboratory at Godavary

M.B. NARASIMHA
UNDP/UNIDO Expert in Process Technology

Introduction

Status

UNDP/UNIDC has created an excellent infrastructure base for
conducting basic and applied researvh at RDRL, Thapathali and
Godavary vide Project: DP/NEP/860/003, entitled "Strengthening
the Royal Drug Research Laboratory™, a constituent of the Depart-
ment of Medicinal Plants, HMG of Nepal, with a view to exploit

the rich and varied flora, indigenous to Nepal.

A pilot plant section has been created at Godavary, with the
following equipment to enable it to successfully develop, demons-
trate and transfer, technologies in the industrial utilization of
medicinal and aromatic plants:

1. Versatile Extraction Units Capacity 250 Litrs
2. Sohxlet Extractor: Capecity 500 L

3. Percolator: Capacity 300 L
4. Thcee-Stage Mixer-Settler type Liquid-Liquid Extractor

5. Vacuum Concentrators/Distillation Stills

a. Capacity: 500 L Without Stirrer
b. Capacity: 300 L With Stirrer

C. Capacity: 100 L with Stirrer

cee/een
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6. Reactor (Hastealloy) Capacity: 250 L
7. Distillation Still With Stirrer: Capacity 1000 Le

8. Pressure Leaf Filter
9. Rotary Vacuum Filter
10. Spray Drier
11. Hammer Mill
12. Jaw Crusher

13. Steam Boiler: Capacities 1500 kg/hr from and at 100°C,
0il fired-automatic

All the items, except, item nos. 10 to 13 have been supplied
M/S. Tournaire, France..

In addition to these units, the following equipments ins-
talled at the premises of RDIL at Thapathali prior "2 the commen-
cement of the Project are also available:

1. Stainless steel essential o0il distillation unit: Capacity:2000 1.
2, ::lass-lined reactor with stirrer: Capacity: 100 1.
3. stainless steel reactor with stirrer: Capacity: 250 L
4. Electrically heated distillation unit: Capacity: 200 L
5. Stainless steel basket centrifuge
6. Shelf drier: 24 aluminium trays
7. Disintegrater
8. Steam.boiler-oil fired, automatic capacity 300 kg/hr
from and at 100°C-

With these combined facilities and the infrastructure base
built within the scope of the project at RDRL, R & D work for the
development of process technologies for the production of natural
products is in full swing.

oo/ oen
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Shortcomings

However, some shortcomings as enumerated below, have been
noticed in some of the units at Godavary:

1. Versatile Extraction Unit:

No arrangements exists for refluxing, part of the condensate
into the packed colum, which is very necessary for the recti-
fication of dilute recovered ethanol, thus, restricting the use

of this unit for extractions with water immiscible solvents only.

2. Percolator has not been provided with a system for the
recovery of residual solvent from the marc, thus limiting its
use with agueous solvents only.

3. Three - stage mixer settler type liquid - liquid extractor
is incomplete and inoperable in absence of pumping arrangements,
to pump miscella and raffinate streames to the distillation stills
for the recovery of solvents and extracts.

Suitable action has been initiated to effect modifications
to these units, as also minor modifications of the following units
to make their use more flexible and broad based.

1. Two vacuum concentrators of 300 L and 100 { Capacities fitted
with stirrers, are planned to be converted to act as reactors in
addition to their use as vacuum concentrators with minor modifi-
cations.

coefoans
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2. Soxhlet Extractor:

This unit takes about 10 - 15 hours per batch. To cut down
the batch time and also with a view to extend its function as a
percolator the pipeline conections are planned to be modified, to
facilitate circulation of miscella, using the existing solvent pump.

Additional Equipment Suqgested

1. Fractional distillation unit of the capacity of about 100 L
per batch, equipped with high efficiency internal packings, reflux
distributor with electronic timer, vacuum pumps, interconnecting
pipes and fittings and M.S. structures. Expert in process technoloqgy

can help in its design and getting it fabricated locally.
2. Multistage centrifugal type liquid - liquid extractor,
with provision for separation clarification bowls with

accessories.

Design & Engineering

It is suggested that, while developing technologies for the
industriai utilization of indigenous medicinal and aromatic plants,
simultaneous development of design and engineering expertise and
suitable infrastructure for fabrication of chemical plant and
equipment, would not only quicken the process of transfer of
technologies from pjlot plant level to the user industry, but
saves valuable time and foreign exchange and hence a compulsive
need of a developing country like Nepal.

These activities may be developed, in a phased manner. In the
first phase the expertise development may cover basic design of plant
and equipment and have the plants fabricated in the engineering
workshops in Kathmandu. At a later stage if found necessary,

fabricational facilities may be built.



Staff

The present staff of Pilot plant consists of four gualified
Pharmacists, a physical chemist and two technicians. Considering
the nature of developmental work, and suqgested augmentation of
design and engineering facilities, it is an absolute necessity to
have at least a couple of graduate chemical Fngincers on its rolls.

Process - Control at Godavary

The process development and scalec up operations are bring
conducted at Godavary and the samples are being sent to Thapathali
for analysis, very essential for process - control, this arranagement
is impractical and leading to avoidable delay in the development of
technologies. The proposed - Con*rol laboratory, ior which I under-
stand the funds were approved in the TPR held in 1986 and the
equipment ordered subsequently, should be established at the ear-
liest; without this laboratory it would be difficult to operate the
pilot plant efficiently.

Prospects

With the suqgested modifications to the existinag pilot plants,
shifting of all the pilot plants from RDHL premises at Thapathali
to Godavary, addition of the afore-mentioned equipment and augmentation
of technical staff, the pilot plant facilities at (odavary would
form the best possible technical base, to generate and transfer
technologies not only in the commercial utilisation of a broad
spectrum of aromatic and medicinal plants of Nepal, but also in the

process development of synthetic druagqs and pharmaceuticals.

oo
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cencral Remarks

Applied research as compared to basic research is capital
intensive, hence prior to undertaking pilot plant studies, the
results obtained at bench-scale, should be subjected to indepth
evaluation, for technical feasibility by competent scientists and
technologist, upon their recommendations for technical feasibility
and national priorities, pilot plant studies are to be undertaken
for in-depth studies to establish not only technical feasihility but
aiso economic viability of a new process know-how, and to obtain

sufficient data for scaleingup to industrial operations.

Suitable methodoloay, has to be developed for periodic review,
course correction, when necessary, proper checks and controls
during the stage of development.

A pilot plant section like the one at Godavary with built-in
infrastructure to undertake applied research, is expected to s:ccess-
fully develop, demonstrate and transfer technologies and act as a nerve
contre:

- to generate technically feasible and economically viable
technologies in the utilisation of natural products.

~ to provide R & D facilities to the industry.

- to provide consultancy and advisory services.

~ for training and development of technical manpower.

eee/enn
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“or the above services, a lumpsum premium/charges should be

collected from the user industry.

AT’ er establishing, credibility of the capacity to develop
know-how and competence of its scientific and technical personnel
in successfully transfering the know-how in establishing small and

medium scale industries, industrial enterpreneurs would come forward

to sponsor programmes to generate know-row/technologies.
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Annex - 5 .

Joint Coordination Committees Mcetings held:
July 1986 -~ May 1988.

1. Royal Drugs lLtd. & Royal Drugs Research Lab.

July 15, 1986; Sept. 28, 1986; March 30, 1987;
April 22, 19188.

2. Herbs Processing and Production Company Ltd. &
Royal Drugs Pesearch lab. July 16, 1986;
Nov 18, 1986; Jan. 18, 1987; April 5, 1987;
Sept. 8, 1987; Drc. 4, 1947.

3. s3ingh Durbar Vaidya Khanna f Royal Drug Research
Lab. Dec. 23, 1986; March 2, 1987;: May 3, 1987;
Jan. 21, 1988,
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RD Ltd. & RDRL held on 15 July 1986

The Meeting was attended by:

a. Dr. M.D. Tuladhar - Co-ordinator

b. Dr. S.B. Malla

c. Dr. S.B. Rajbhandari
d. Dr. P.M. Adhikari

e. Mr. A.D. Shrestha

f. Dr. S.R. Joshi

g. Dr. Nitya Anand - UNIDO Consultant

Discussions were hecld on the agenda prepared by RD Ltd.

and the following points were decided to undertake:

1. RDRL will provide 100 samples of Antirheumatic
ointment for test marketing after completing the

fests for stability, paysical characteristics,

dispersibility etc.

ii. It was decided to formulate Rauwolfia tablets
in total alkaloids in terms of 0.1 mg . of

peserpine.
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To decide about the formulation of Triphala tablets in the

next meeting after studying its consumption.

To undertake formvwlation of Centella asiatica in the form
of cream or powder and study its feasibility.

It was decided to formulate different products based on
the proposed Essential Drug List of the WHO.

RDRL will provide samples of eight different formulated
products to RD Ltd. for market study.

M:nutes of the Co-ordination Committee meetings

HPPCL and RDRL held on_16 July 1986

The meeting was attended by:

a.
b.
C.
d.
e.
f£.
gq.

Dr. 5.B. Malla

Dy. 5.B. Rajbhandari
Dr. P.M. Adhikari
Dr. S.R. Adhikari
Mr. A.D. Shrestha
Dr. B.C. Gulati

Dr. A. Sheak

Discussions were held on the agenda prepared by HPPCL and

following points were decided to undertake:

b.

Authentic specimen of Sugandha Kokila will be collected

for identification purpose.

Artemesia - It was requested by HPPCL to providr infor-
mation regarding the number of sps. found in Nepal.

They also requested for a herbarium specimen after proper
identification. HPPCL will provide information regarding
the Artemasia sps. which have international demand.

PDRL will evaluate the oil from C'niper berry obtained from
HPPCL.

Economic survey and mapping will be conducted by Dept. of

ceeleoo
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Medicinal Plants on Cinnamomum , Xanthoxylum and abbies sps.

Cultivation practice of Cinnamomum, Osmanthus and Tagetes
minotar will be studied by the Dept. of Medicinal Plants.

It was requested by HPPCL for handing over of the technology
for extraction of l-dopa from Mucona Sp.

It was also discussed to work out a suitable mechanism

for handing over of the developed technologies from

RDRL to HPPCL.

RDRL and RD Ltd. held on 28 September 1986

The meeting was attanded by:

1.
2.
3.
4.
5.

Dr. M.D. Tuladhar - Co-ordinator
Dr. S.B. Malla

Dr. P.M. Achikari

Mr. A.D. Shrestha

Dr. S.R. Joshi.

Discussions were held on the agenda prepared by RD Ltd. and

the following points were decided to undertake:

i.

ii.

The Triphala tablets after formulation was found to be
very hygroscopic so it was decided to discontinue formulation
of this product.

It was decided to form a Technical Formulation Committee
consisting of the following members:

1. Mr. N.R. Joshi

2. Mr. B.B. Thapa

3. Mr. T.R. Shakya

4, Mr. R.B. Tuladhar

5. Dr. S.R. Joshi

6. Mr. A.D. Shrestha - Co-ordinator

cove/oone
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This committee will be mainly responsible for selection of
new formulations and recommend this to the Medical Committee of
the RD Ltd.

iii. It was decided to name the Balm preparation as
Rhino Balm and provide details to RD Ltd. for formulation

purpose.

HPPCL and RDRL held on 18 November 1986

The meeting was attended by:

1. Dr. S.B. Malla
2. Dr. S.B. Rajbhandari

3. Dr. B.C. Gulati
4. Dr. P.M. Adhikari
5. Dr. S.R. Adhikari
6. Mr. U.R. Poudel
7. Dr. A. Sheak.

Discussions were held on the agenda prepared by HPPCL and
the following points were decided to undertake:

i. It was decided that introduction of new plant samples
in cultivation will be taken by both HPPCL and RDRL while
HPPCL will lay emphasis on market assessment of the oil
or extracts; DMP & RDRL on the other hand will perform agro
technological experiments, post harvest treatments and
guality assessment of the products.

ii. The items like Basil, Tagetus, Mentha piperate, Mentha
citrata, Mentha spicata, Citronella were decided to be

extended for introduction and cultivation to the farmers.

veeeefeoeonn
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iii. It was decided to continue R & D work by RDRL on Juniper
leaf 0il, Acorus:. calamus oil.

iv. Development work for production of superior quality of
Rosin by Pilot Plant section, RDRL is sought by HPPCL on
Rosin & Terpentine sample supplied by them.

v. Joint process development programme on Dioscrea and fat
from Sugandha Kokila was discussed. Need for further

collaborative work on them was emphasised.

vi. A joint programme for extraction of tree moss was
decided to be discussed in detail by the respective
task force group.

SDVK & RDRL held on 23 December 1986

The meeting was attended by:

1. Dr. R.P. Mishra
2. Dr. S.B. Malla

3. Dr. S.B. Rajbhandari

4. Dr. S.R. Adhikary

5. Dr. R.B. Sahu

6. Mr. U. Thakur - Co-ordinator

Discussions were held on the agenda prepared by SDVK and the
following points were decided to undertake:

i. Quality control of Mrit-Saniibani Sura by RDRL by
estimating alcohol content.

ii. SDVK will provide details about availability demands etc.
to RDRL for preparation of a Project for processing of

Shilajeet.

iii. SDVK will provide technical know-how to RDPL regarding
formulation Chyawonpras.

voee/ouens
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HPPCL & RDRL held on 18 January 1987

The meeting was attended by:

1. Dr. S.B. Malla

2. Dr. P.M. Adhikary
3. Dr. B.C. s;ulati
4. Dr. A. Sheak.

Discussions were held on the agenda prepared by HPPCL ang
the following points were decided to be undertaken:

i. Artemesis sps. - Dept. of Medicinal Plants will conduct
techno-economic survey of the available sps. of this
plant for commercial utilization.

il. RDRL will perform chemical assessment and characterization
of oils from Juniper leaf, Rhododendron citosum, Abies
leaf oil.

iii. Pilot Plant Section, RDRIL vill handover the technology
on the production of improved quality of Rosin & Turpen-~
tine for production trial at the HPPCL Tamagadhi unit.

iv. Belladonna extract and total alkaloids:- This preparation
.ptepared by RDRL was found to detioriate on storage. It
was therefore suggested by HPPCL to study the factor
responsible for this so that method for production of the
stable extract is evolved.

v. R & D work on the needs containing high percentage of
fixed oil/fats was suggested to be undertaken by Dept.
of Medicinal Plants for economic production.

vi. A suitable solvent system was suggested to be developed
by RDIIL for extraction of Tree moss with good quality
product.

covefvenee
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SDVK & RDRL held on 2 March 1987

The meeting was attended by:

l.
2.
2

- e

4.
5.
6.
7.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Mr.

S.B.
R.P.
S.B.
P.M.
S.R.
R.B.

Malla
Mishra

Ra jbhandari
Adhikary
Adhikary
Sahu

U. Thakur - Co-ordinator

Discussions were held on the agenda prepared by HPPCL and

the following points were decided to undertaken:

ii.

It was decided to formulate a project proposal on

Shila jeet keeping in view of the present production
scale of the SDVK, market demand at present and pro jected
demand till 2000 A.D.

SDVK will provide samples of Mirta -~ Sanjibani Sura and

the plants materials used in preparation of Chaywonprash

to RDRL for quality control and standardization purpose.

RD Ltd. and RDRL held on 22/4/1988

The meeting was attended by:

1.
2.
3.
4.

5.

Dr.
Dr.
Dr.
Mr.
Dr.

S.B.
M.D.
P.M.
A.D.
S.R.

Malla
Tuladhar - Co-ordinator

Adhikary
Shrestha
Joshi

Discussions were held on the agenda prepared by RD Ltd. and

core/avnnn
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the following points were decided to undertake:

Shital Liquid Balm - In order to prepare this preparation
RD Ltd requ.red about 10 litres of Eucalyptus oil and

25 iitres of wintergreen oil. 1t was suggested that the
required quality may be distilled from the available
leaves and supplied to them by RDRL. But, in view of the
commercial scale production of this product it was decided
to procure the required quality of the oil from HPPCL.

Capricum ointment - RD Ltd. wanted quality control
results and procedure for this product for which RDL

is at present working at.

hs requested by RD Ltd. 1 DiL will provide samples of
Pine o0il disinfectant for trial purpose.

RD:L wili also provid~: :auwol{ia extract tablets after
standardization in terms of reserpine content.

It was decided to undertake market [easibility of Turpentine
lifiment by RD Ltd. so that few trial sampies could be
formulated by i:DiL.

kD itd. & DL held on 30/3/1967

The meeting was attended by:

1. Dr. S.B. Malla
2. Dr. M.D. Tuladhar - Co-ordinator

3. Dr. P.M. Adhikary
4, Mr. A.D. Shrestha
5. Dr. S.k. Joshi
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Discu.sions were held on 5 types of formulations which are
under development in the RDiL.. They are:

a. Shital Liquid Balm - It was decided to lower the percen-
tage of lavender in the formulation. For gquality control

purpose estimation of total 0il conduct alone was suggested.

b. Antirheumatic ointment - It was decided to perform quality
control of this product according to BPC 1973. Estimation

of Capsicin and total o0il content to be done.

c. Formulation of Ealm
It was decidnd to undertake quality control of this

product. It was also decided to name Yeti Balm.

d. Pine o1l disinfecclant - IL was decidrd to compare the

rotency of the procduct with Phenylie disinfectant.

¢. Contelia asiatica ointment - Tt was doeoided Lo try

HPLC method for estimation of Ilycosides.

kD Ltd. staff expressed their interest in those formuiation
and it was decided that they would carry out a market f. .sibility

survey and then revert lucik to the JCC (Joint Co-ordination

Committee).

—d
D
[»7]
~

iPPCI, & RDRL held on 5 April

The meeting was attended by:

1. Dr. S.B. Malla

2, Dr. B.C. f5ulati

3. Dr. P.M. Adhikary

4. Dr. S5.R. Adhikary

S. Mr. A.D. Shrestha

6. Mr. U.R. Paudel

7. Dr. A. Sheak - Co - ordinator.

ceed/vuen
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Artemesia sps. - An economic survey on the available sps.
of Artemesia will be carried out by the Dept. of Medicina:
Plants. The herbarium specimens will be provided to HPPCL
for reference purpose in collection.

The o0il samples of Juniper recurva, Abies spectabilis and
Rhododendron anthropogan will be sent to RDRL for proper
characterization and ildentification of the constituents.
Similarly, o0il of E. Cameldulensis will be sent by the
Dept. of Medicinal Plants for market investigation.

Th~ Belladonna extract containing 3 % alkaluid was not
found stable on storage so it was sugagested by HPPCIL, to
either to dry the extract to powder state or add proper
solvent or preservative for storage.

It was requested by HPP'CL, to provide agro-technology of
Dill and Salvia for cultivation purpose.

The fixed o0il of sugandha Kokila is likely to have many
pharmaceuticai applications. It was therefore suggeste’
by IIPPCL for assessing the dermal toxicity of the oil.
Improved method of extraction of Lichen was sought by
HPPCL using proper solvent.

The distillation method on Acorus calamus oil provided

"~ by RDRL to HPPCL was found interesting to them as this

would economise the production technology of the oil.

3DVK & RDRL held on 3/5/ 19§87

The meeting was attended by:

1. Dr. S.B. Malla

2. Dr. R.P. r&shra

3. Dr. S.B. Rajbhandari

4. Dr. P.M. Adhikary

5. Dr. S.R. Adhikary

6. Dr. &.B. 3ahu

7. Mr. ". Thakur - Co-ordinator

cove/vennn
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It was decided to solve the problem of filtration of
Shilajeet at the pilot scale by utilizing the modern

machineries.

or gquality control purpose it was suggested to develop
the method utilizing the authentic Shilajeet.

HPPCL & RDRL held on 8 September 1987

The meeting was attended by:

1-
20

3.
4q.
5.
6.
7.

Dr- S-B. r'hlla
Dr. B.C. riulati

Dr. S.B. Rajbhandary
Dr. P.M. Adhikary
Dr. S.R. Adhikary
Mr. A.D. Shrestha
Mr. U.R. Paudel

Artemisia sps. - It was proposed to collect new sps. from

Mustang & Dolpa for evaluation of the oil.

Juniper berries - Collection of the ripe berries is
desirable. As the collection of berries is time con-
suming it will be bhrtter to purchase them from the locail

market. The 0il will be sent by HPPCL to RDRL for evaluation.

Xanthoxylum sps. - RDRL will select the high oil containing
plant from Dang, Rolpa districts and the cuttings of such

plants will be planted for propogation. HPPCL will help in
bearing the cost of this operation.

It was reported by HPPCL that the alkaloid content of
Belladonna soft extract dropped to nearly 50 % within
three months of storage. It was therefore suggested to RDRL

to look into this problem of deteriotion.

ceeve/eon.
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1t was suggested to RDRL to extract lichen resioids in

tolucne. Extract having greenish colour was preferable.

HPCL & RDRL _held on 4 December 1967

The meeting was attended by:

1.
2.
3.
4.
5.
6.
7.
8.

Dr.
Dr.
Dr.
Dr.
Dr.
Mr.
Mr.
Dr.

S.B. Malla

S.B. Rajbhandary
B.C. Gulati

P.M. Adhikary
S.Rk. Adhikary
A.D. Shrestha
U.R. Paudel

A. Sheak - Co-ordinator

vollow up of the problem in identifi--ation of

Artemesia sps.

It was suggested by HPPCL for containing co-ordination
with RDRL for work on Acorus Calamus oil.

Transfer of technology from PDIzL for processing of herbs

of export potential like Dioscorea, Essential oil bearing

plants etc.

cevesSeonn.




- 1586 -

RDRL & SDVK held on 21 Janurary 1988

The meeting was attended by;

1.
2.
3.
q.
5.
6.
7.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Mr.

S.B.
R.P.
S.B.
P.M.
S.R.
R.B.

Malla
Mishra
Rajbhandari
Adhikary
Adhikary
Sahu

U. Thakur - CO-ordinator

As there are about 300 medicinal plants in the

proposed Essential Drug list of Ayurveda, it was

proposed by SDVK for a lonqg term co-ordination

programme with the RDi’L in quality control and

standarisation of the plant constituents.

It was also proposed by SDVK for a technnlogy on

large scale processing of Shilajeet.
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Formulations developed

Deep Heat Cream

Backqround

Turpentin~ 0il, eucalyptus oil and oil of Wintergreen have been
in traditional use for rheumatic disorders. As these oils can be
produced in large quantity in Nepal, it was decided to formulate a
preparation containing these oils for muscular pain rheumatic disorders.
This product has also been identified by Royal DPrugs Ltd for marketing.

Usen: For muscular and rheumatic disorders.
Stands:d: Total Volatile o0il content and Methyl salicylate content.

Formula: Each 100 gm contains

Stearic acid - 9.5 gm
Cetyl alcohol -11.6 am
Glycerine - 9.2 gm
Sodiui. Lauryl Sulphate - 1.2 gm
Propyl paraben - 0.001 gm
Methyl salicylate -13.5 ml
Eucalyptus oil -2.0 ml
Turpentine oil «1.5 ml
Water (distilled) -46.00 ml
100

Frocedure:

Melt stearic acid, cetyl alcohol and dissolve propyl paraben
in it. Mix glycerine, sod. Lauryl sulphate and water and warm to
75°c. Add glycerine mixture stearic acid mixture stirring continuously.
Add o0il mixture i.e. menthol dissolved in Eucalyptus o0il, Turpenti:
0oil and methyl salicylate stirring continuously until it attends 40°c.
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Cost:
The raw material cost for 25 gm would be Rs 4.20
Conclusion;

Similar preparations are not available in the Nepal market,
althuugh similar preparations are popular in western countries.
Royal Drugs Ltd. is intending to manufacture and market this
formulation.

fine oil disinfectant

Technological work for development of a process for production
of pine oil is in progress in RORL due to abundent availability of
varicus species of pine trees in hepal. Pine 0il is mostly used 3s
a disinfectant, so preparation of a disinfectant formulation bas~d
on pine oil was undertaken.

Uses:

Pine oil disinfectant is used as deodorant and disinfectant
for cleaning sinks, drains, carpet, rugs, wo~c panels, garbaje bins
& floors etc. Pine oil emulsions are non-toxic, nen-irritating
and safe.

Standardisation:

(1) Total Pine oil content (Terpineol)
(1i) Phenol Coefficient Value

Procedure:

Pine oil - 80 ml
Rosin Soap - 20 gm.
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Procedure:

Dissolve the rosin so3p in pine oil and filler.

Standard of Pine oil

The specification of pine oil needed for this preparation is as
follows:

Aw
Dihydro -alpha -terpineol 65-704
and other tertiary alcohols 10
Borneol and fenchyl alcohol 10 - 15
Estrageole 5
Ketones 5 - 10

It distilles between 212 and 220c and has sp. gr. 0.83-0.924,
Problem:

Pine o0il containing only 28 % of ~Terpincol has becn made
available.

Rosin Soap:

For pilot scale production, a series of soap making machines
would be needed.

Cost:
The raw material cost for 100 ml of product would be Rs. 7.60.
Conclusion:

Due to the pleasent flavour and effectiveness, this household
disinfectant should have good market, if advertised, hence should be
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considered for manufacturing. The product could also be modified
by adding chloroxylenol which ensbles it to be used for routine
hospi tal purposes. Particularly in midwifery and surgerye.

Turpentine Liniment

Background

The abundent availability of turpentine oil, (processed by
Nepal Rosin and Turpentine Ltd., Dhangadhi) and the high consump-
tion of preparation used for rheumatic pains and stiffness demand
of its production. Furthermore, this is one of the products
included in the list of medicines supplied by the Dept. of Health
to all the Hospitals, health centres and health posts.

Uses

Externally, turpentine oil is a rubefacient used for
rheumatic p2ins and stiffness.

Standard

This product is included in I.P. and B.P. 1980.

Preparation

Turpentine liniment - B.P. 1980 Vol II 683,

Soft Soap - 7.5 gm
Camphor - 5.0 gm
Turpentine oil - 65.0 ml

Purified water - 22.5 ml
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Procedure

Triturate the camphor with the soft soap until thoroughly
mixed and gradually add the turpentine oil trituating well after
each addition. Transfer the mix to bottle with the aid of the
puriiied water and shake thoroughly until a creamy emulsion is
formed.

Cost

The raw material cost for 100 ml moterial would be Rs. 2. 85.

Conclusion

Due to the availability of the raw material and its economic
price the product seems to be worih manufacturing.

Anticold and antirheumatic oil

Background

Traditionally mentha oil, eucalyptus vil, Wiantergreen oil
and camphor have been used since long time for the problems of
cold, headache, lumbago sciatica etc. All of these essential oils
are available in Nepal. Similar preparations are imported in huge
quantities so this preparation has becn undertaken for formulation.

Uscs

It is useful for rheumatism, Neuralgia, lumbago sciatica,
colds, headache, toothache, seasickness, vomitting and
diarrhoea etc.
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Stendardisation

Total volatile o0il content

Formula: Each 100 ml Anticold and antirheumatic oil contains:

Menthol - 40% w-v
Methyl Salicylate - 108 w-v
Eucalyptus oil - 15% vi-v
Camphor - 108 w-v
Light liquid paraffin - 9.5 ic 100 ml.

Procedure

Dissolve menthol and camphor in methyl salicylate and
Eucalyptus oil. Add liquid paraffin to make up the volume.

Cost

The raw material cost for 5 ml material would bo Rs. 1.30

Conclusion

Due to its wide application and economic price the
product is to be manufacturad. Royal Drugs Ltd. has already
decided to manufacture it.

Anticold and antirheumatic Balm

Backaground

Preparations in the form of balm containing menthol, cauphor,
peppermint oil and eucalyptus o0ii, which are produced in Nepal
itself have becn imported in large quantities from foreign market.
Viith a view of import substitution and indrgenous row material .
utilization thi. product has been considered for formulation.
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It is an excellent pain reliever (anodyne) anti-itching
remedy for the relief of colds, influnza, rheumatism, gout,
neuralgia, headache, toothache, mosquitobite and insect
bites etc.

Standardisation

Total volatile oil content.

Form:la
Menthol - 14% w/w
Camphor - 14% w/w
Peppermint oil -~ 83 w/w
Eucalyptus oil - 10% w/w
Clove oil -2.5% w/w
Cinnamon oil =2.5% w/w
Bee swax - 14% w/w
Carnauba wax - 9% w/w
Vaseline Yellow - 26k w/w

Procedure

Melt. Bees wax, carnauba wax and veseline.
Mix essential oil, menthol and camphor uniformly and
<dd it to the melted wax and mix at 50° c.

Cost
The raw material cost for 20 g material would be Rs 4.80.

Conclusion

Royal Drugs Ltd. has accepted to includc this product in
their range of production in near future.
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Reserpine Tablets

Background

Reserpine is an alkaloid obtained from the rooc*s of
Rauwoliia serpentina. The plant is being cultivated in commercial
scalr. Rauwolfia sepentina as well as reserpine is included
in several pharmacopoeias. Various preparations like powdered
root (USP), tablets of powdereu roots (USP) (iPC) dry extract
(IP) liquid extract (IP) Reserpine elixier (USP) Reserpine
injection (USP) Reserpine tablets (USP) (UK) are available.

The preparation are used as a3 central depressant, sedative and
as an antihypetrtensive agent. So in order to utilize the
rauwolfia roots the formulation of table*- containing reserpine
or reserpine like alkaloids has heen undortaken.

Uses

Rauwolfia alkaloid tablet has central depressent and
sedative actions and a primary peripheral antihypertensive
effect accompanied by bradycardia. It is also useful as a
sedative in & :iety status and chronic psychosis.

Standardisation

Formula: Each tablet contains:

Rauwolfia total alkaloids - 2nm
Lactose - 185 mg
Starch - 14 ng
10% Acacia solution - 1.6 mg
Dry starch 5% - 9mg
Magnesium stearate -~ 0.9 mg

Talc 2% - 3.6 mg
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Procedure: Wet granulation process

Mix lactose, starch, and Rauwolfia extract uniformly,
granulate with 10X Acacia solution by passing moistened mass
through 10 No sieve, dry at 60°c and pass the dried granules
through 20 No Sieve. Lubricate with dry starch, magnesium
stearate and talc and compress using 5/16 inches die.

Cost:

The raw material cost for 100 tablets would be Rs 2.57.

Conclusion

The product seems to be worth manufacturing due to the
availability of material, its use 3as an antihypertensive and
its economic price.

Capsicum Ointment

Background

Capsicum has been used in Ayurvedic system of medicine
and capsicum and its oleoresin have been included in several
Pharmacopoeias as a counter irritant lumbago, neuralgia and
rhematism. The indegeneous pine oil, wintergreen oil,
turpentine oil and mentha oil which have been used traditionally
are encorporated to enhance the action. Similar type of
imported products are being marketed in considerable quantity.

Uses

Useful for relief of muscular pains, strains joint pains,
pains of Artheritis, lumbago and Bruises.
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Standard

(i) Capsicum oleoresin content
(1i) Total Volatile oil content

There is still problem for assaying the copsicum
oleoresin content.

Formula

Pine oil - 2.8% w/w

Wintergreen oil - 4% w/w

Tur,entine oil - 8% w/w

Oleoresin Capsicum ~-1.6% w/w

Mentha oil -1% w/w

Yellow bees wax ~10% w/w

Yellow sof t paraffin -9.5 to make 100 gm
Procedure

Melt Beeswax and soft parcifin, mix pine oil, wini "jreen
0il, turpentine oil, oleoresin capsicum, mentha oil and add
it to the melted wax mixture at 30°c mix well.

Cost

The cost of raw material for 1 kg. material would be Rs. 96.80.
Conclusion

Due to its wide application, Royal Drugs Ltd. is considering

for its production.
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Centella asiatica - Wound Heaiing Cre...

Preparations have been made but due to analytical problems,
this work is discontinued for the time beiny.

Laxative tablets of Rhubarb

This product has already been monmufactured by Royal Drugs Ltd.

Antidiarrhoeal Tablet

This tablet containing Berberine Hydrochloride, Terminaeia
Chebula Belladonna has not been accepted.

Antacid_and_arntiulcerous tabiet

This preparation conta ning herbal drugs as well as pure
chemicals has not been accepted.
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Anthelmintic Test (in vitro)

I"lants tested for anthelmintic effeoct using in in vitro test

Name of plants Hesult

1. Melia azadirach slightly effective
2. Butea monosperma not effective

3. Mallotus phillipensis ef fective

4, Vioodfordia {~ucticosa not effective

5. Embelia rihes ot effective

0. Oroxylum indicum not effective

7. Curcuma zedoaria root slightly effo:tive
8. Cleome visco-a whole plant silghtly effective
9. Apiwunm graveolons seeds effertive

10. lLalleotus phillipsrnsis fruit hair effective

11. Chenopodium album leaf slightly effective

Effectiveness was ascertained Ly comparing the effcct with

» standard drug, piperazine citrate,
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ANTITAPEWORM TEST

10.

11.

Name of plants parts ALDS0 Dose No of mice Effec
mg/kqg cleared - %
of tapeworm/
no. mice used.
Control 0/4 (1]
Cepadessa whole 1000 1000 mg/kg 0/4 1]
bacifera plant single
Anagalis whole 40 40 mg/kg
arvensis plant single dose 0/4 (1]
Colebrookia leaf 400 400 mg/kg
oppositifoha sinqle dose 0/4 0
Plumeria bark 800 500 mg/kg 0/4 0
rupra =ingle dose
Elephantopus root 600 400 mg/kg 1/4 25
scater single dose
Portulaca whole 1620 1000 ma/kq 0/4 0
olearacea plant single dose
Sphaeranthus flower 1000 1000mg/kqg 1/4 25
pencgalensis bud single dose
Moringa oleifera leaf 1000 1000 mg/kg 0/4 0
singl~ dose
Lippia nodiflora whole 1000 1000 mg/kg 0/4 0
plant single dose
Imperata whole 1000 1000 mg/kg 0/4 0
cylindrica plant single dose
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15.

16.

17.
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19.

20.

21,

22.

23.
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Name of plants parts used ALD 50 No. of mice
mg/kg cleared %
tapeworm/no
of mice used.
Clerodendr~n leaf 1000 500 mg/kg 0
viscosum single dose
Cepadessa root 1000 500 mg/kg 0
bacifere bark single dose
Jatropha cureas bark 1000 500 mg/kq 0
single dose
Salvia plebia whole plant 1000 500 mg/k4g 0
sinqgle dose
Acacia concinna fruit 50 20 mg/kg 50
sinqgle dose
- - - S0 10 mg/kg 33
lorning & evening
Boenninghausenia wiole plant 759 500 ma/kqg 0

alkiflora

Mallotus
phillipensis
fruit hair.
Thenopodium
Apiumgraveolms
Buteamonosperna
Cleome viscora

Curcuma zedoaria

Bauhinia variegata

single dose

1ol mg/kyg 100

single dose

500 mg/kg 0
single dose
1000 1g/kg 0
single dose
45 my/kg 0
single dose
500 mqg/kg 0

single dose
1000 my/kq 0
single dose

1000 mq/kg n
single dose

Effects
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Acute toxicity

Acute toxicity test on following species of Aconites. Numes of some

SpecCies are code numbered,
p

Name: of s:mnles Apn. IDS0 mp/ke
1. ~n Lo
2. illnk >
3. Ln 1000
i, ielm 1000
“re :2;:!!2 1000
e MNirzuoi 375
7. Jconitun heterophylium 500
. 39749 1600
ST SYAL 125
16, /% 2
M. 35 125
12.  HET 750
15 Aq 250

ee/ee




% EIC 4 ==, M ' L T ' ’ ' ' ) D Y SovaedT, TOwERLS BSTUUY, T

% C°Eby " T | [ PR e TR ‘ ' \ ' ' ' ' 300k, euded sInLLD, 3T
¥ oLty ' ) - Y o ad ) ) A A . 100y, $3IETROUNDAC essejsuests, T
2 E0C: =+ ' ' ! P A ' ' ‘ y ey . R 300¢, gas19nt Ty jhevenel, *IT
% 6%t [} ] ] ’ (80832, [ ' [ TS ) bl ' y %-PE, PLOOC BT STCIEDCLIN, Ly
Y0 VI S ' ' . = ey e ' ' 1 ' ' ) ' 200%, erTesitivey eosaoy, tiT
AT R T TR L ot ' M A Bt ' . o ' ' ' yaeE, sTpueal eusisEl, [T
P A Y ) ' o ' | ——y == ' ' ' ' ' v T sareey, EsezieTc eSutacy, i
% o1tsbe = I I ) ' - P < a ' \ sueIC aTouw, LIV ETIITRINI, I
ma PCO R, =ee, , a——r s , A = , = , = v , fuETE ETOUN FICTIISTE ETSITREL LTUURDE, it
RO -1 - TR , ot . NP \ . - . . . foemeTs CISURTRLRUAE £ULIoElsRUCT, 3,
, Y e'th ’ | —— R el Bl i ' e ' ' ' A2eE, eesoIle BIIEITITCD, k.
e e Ll 4 1= , . - . . . ' ' ' e YIS, BLUITILCT ETIEOY, T
K S L . ' . N ,  w——— e R ' , fIUETS eTouN, g3CeTC eznTes, 7L
A -] P ' ' ' R Tt ' ' ' v > ' . ' LY ersuetel 8T EnITZ T
o % uetlh ¢ s gy sy . S22, ) ' N T ) @ = " ' InSIUeTAET CLETINIL, C
” 8 C vl 80832, ) ————y ' ' ' ' ' ' ' ' -t y JUTIC ETCuR, ELOTIESTL €TINS, QN
P B TR | ey B B ' ! ' A ' \ 209y, ZesEds SNSSIUELIATI, ¢
ec'rhy = N | ' ¢t ' ‘ .o ' adi . 2eE7, =336 sotse egfyecIseIel €
TECLLY 4t v s ' ¢ - ' ' . ' . ' + ' . 3zetg, EISRI eI, CL
& 0CChy * M I T ¢ = %+ ' ' €302, ' — ' yIe< 300%, €2&:10eS essepecis, ¢
“ TL°Chy *+ vt = . st ' . ' R . . Yieg, Se2Ins BUSTSISES, 3
e 0051, ' e SN 1 23 ) — e et ' , EIVETC eTouw, gIclITPon EIESIN, T
o pLeTT, 82133, PO , me 4 ey . , ,82C2L, = . . sees, - WNECOETA LCIDLAPLIATT, T
5 el o= )~ #2831, ' ; . Vo ' ' . eoTspuItAs eiEzessI, T
§ (*Bhs + 4 , b, ey | s . . v e , TIUETC ETCuN, sTsuaacse syrelecw, o
39823%8, . , E70U, BUIP,POUSS, , . T ' ' v ‘ .
e, F3o1, 980, LYY, oues,TueAd, SUTd, LY, ;%=, Ftou, eTioy, T1o, ' pic, PI0T. . .
PTO%A, A23 02 ,ATES, 0GRS, ATOL, OHIUY =NPOY, =UB L BLENCD, =OATT S, =8P 2ES c10h, TSI ~UBIIEL, ~RATY,  SiiEd ' suEld 4 COK

SLive 20 DUIUEZELOE o THO0LAKE

R



- 177 -

-

Comparative effect of tolubutamide and plant extract of glucose oral tolerance te:
(G.T.T. in rabbit)

S.Ro  Rubotance Lentrd orally Fffrct an 7. of Lolubntarlies
1. Tolubutami-de 10
2, Cepinlrndra indlen

Alcobnile n-lrart A

Hater coxtranct 7.9
3. Jnomtvum of ficin:ie

Aleoholic extract n)

Untor axtract 15.75
he Curcyma lonpa

Alcolw) e nxtracl L i /]

Hatar oxlract 1745
Se Tinospora cardifolia

Alcohol ie exlract 17./8

Unlear extract 3.0
6. Arpla marmaton

Alentinl je 7.0

Water exlract 0.1
7. sunehwa srvenaln

Aleoholle exlract bl I B

Hat~r exirnrctl 1R,01
8. Vinea roaen

Alechol e axtroct 17,1

Vintor extract 11,15

9. Huza paradininen

Aleoholir extrnct Vhe¥7

HUater extract FA)
10, Flcun benpalenase

Alroholie exlrnel 0,23

\ntor axtract n.n

11. lislectera inorn
Alenholle oxtroctl 240
Water rxbraet 12,6

12, Syzyrium comin}

Meoholle exlrnel y4 K]

Waler oxtrnct 26,4
13, Flylianthus niruri

AMcohwolie nvirnct 5.0

Hnter axtract n,1s
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Annex - 7.

A NOTE ON 1IMPORTANCE OF FERMENTATION TECHNOLOGY

Int roduction

Fermentation technology is concerned with the utilisation of
microorganisms to produce metabolic intermediates orfinal

products having inAustrial wuses and applications.

Justifications

1.

1.

The fermentation processes are cheap, fast and efficient,
require a limited space, energy and raw materials.

Basic raw materials used are sugar, molasses, 0il cakes,
forest and agricultural waste biomass which are available

in Nepal in abundant quantity.

Using these simnle and cheap raw materials a number of
very useful drugs such as antibiotcs & vitamins, other

Chemicals can be produced.

Fermentation processes a~~ also used for a number of
industrial microbiological conversion processes such as
those needed for production of steroids. Hence a need of

fermentation technology base to be created in the country

“to subsidise the import of druags and chemicals.

Fermentation processes will play a major role in emerging

biotechnology based industrial production.

Use of Fermentation Technoloqy in the context of Nepal.

Establishment of fermentation industries in Nepal will
help to make the country self-sufficient in life saving

drugs and other chemicals.
Fermentation industri s are socio-economically useful

for a country " ke Ncope .
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3. Nepal can minimise the international trade defecit by exporting
the surplus drugs and chemicals, therefore, fermentation
industries will help the country to boost up the national
economy by providing the import substitution and side by

side by exporting surplus products to other countries.

4. Jrermentation industries being based upon domestic resources,
and markets for the products being easily available at the
national and international level there is little -doubt about
the usefulness of these industries frbm the economic point

of view.

Laboratory scale fermenter

A Gallenkamp modular fermenter was used to carry out fermen-
tation process in laboratory scale. On trial experiments

the equipment was found to function satisfactorily.

Future Programmes

- To develop suitable technology in laboratory scale for
high yielding cum gquality production of antibiotics,
vitamins, steroids, enzymes, amino acids etc.

- To develop techniques for the production of corticoster-
oids from diosgenin in laboratory scale.

- To develop techniques for the production of various

medicinal products in pilot scale by utilising the
fermentation technology.

oo/ oo
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-~ To search out new basic raw - materials and new products
in fermentation technology by utilising natural resources
as well as synthetic and semisynthetic malerials.

Team members:

Dr. P.M. Adhikary - Coordinator
Mr. R.C.M.S. Rajbanshi

Mrs. Kamala Risal

Miss. Rohini Shrestha

Mr. S.K. Adhikary

Mr. Sunil Kumar Sharma

Mr. M.B. Narasimha -~ UNIDO Expert.




Name of “he Speaker

Mr. DJD. Bhattarail

Dr. S.R. Adhikary

Ms. Rita Basnyat

Mr., A,D., Shrestha

Dr. T. Shrestha

Mrs Sumitra Singh

Mr. Purna Man Shakya

Mrs. Hari Devi Shrestha

Mr. Mavin Shrestha

Date

Shrawan 3,043
(18 July 1986)

Shrawan 17,043
t1 August 1986)

Shrawan 31,043
(15 August 1986)

Ehadra 13,043
(29 August 1986
Bhadra 27,043

(12 Sept. 1 36)
Aswin 10,043

(26 Sept. 1986)
Kartik 14,043

(31 Cctob.r 198%)

Kartik 28,043
(14 MNov. 1986)

Mangsir 13,043
(28 ilov.1986)

Annex - 8 ,

Title

Role of reference standard in QC.

Scope for the development of
essential oil Industry in Nepal.

i &' Sl

Standardization of Shilajeet.

An introduction to Pilot plant
unit of RCRL.

Aconites of Nepal.

Extraction of L-Dopa from

Mucuna preireta.,

Microbiology past and present.

Estimation of Vitamins
(water soluble) by HPLC

Distillation technique of
essential oil.



Sl No. Name of the Speaker

10.

11,

12.

13.

14,

15.

16.

17.

18.

Or. A. Rajbhandary

Mr. B.B. Thapa

Mr. L.K. Vaidya

Mr. B.Rs Shakya

Mrs. Ramila Joshi

Mrs. T.K. Rajbhandary

Mr. S.K. Joshi
Mr. P.P. Bista

Ms. P. Manandhar

Date

Mangsir 27,043
(12 December 1986)

Poush 11,043
(26 December 1936)

Poush 25,0432
(9January 1987)

Magh 9,043
(23 January 1987)
Magh 23,043
(6 Februiry 1987)

Falgun 8,043
(20 February 19€)

Falgun 22,043
(6 March 1987)

lMangsir 24,044
(10 December 1987)

Poush 9,044
(24 December 1987)

Title
Extraction and isolation of
Asiaticoside.

R.D.R.,L as QoCo Lab,

Activities of Public analysis
and pyrethrum analysis.

Transformation of Diosgenin to
steroid hormones.

- T8t -

Synthetic studies in Lophotoxin.

Pharmacognositical evaluation
of herbs and drugs used in
Ayurvedic medicine.

Preliminary investigation of
medicinal plants.

feasibility study on isolation
o.” Raubasin,

Hypoglycaemic effects c¢f some
medicinal plants of Nepal.
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19.

20.

21,

22.

23.

24.

Mame of the Speaker

Mr. Y.N, Shukla

Ms. S.P. Upadhyaya

Ms. T. M. Shrestha

Mr.B. Das

Ms. Ikuyo Okuda

Ms. Padma Prajapati

Rate

Poush 23,044
(7 January 1988)

Magh 21,044
(4 February 19€8)

Falgun 6,044
(18 February 1988)

Chaitra 18,044
(31 March 1988)

Baishakh 9,045%
(21 April 1988)

3aishakh 23,049

Iitle

Rosin & Turpentine = useful
materials for various Industri.

Essential oll and its uses.

Pharmacognostical studies on
Swertia chjrata

Techno=economic study for
production of Caffeine from
tea waste,

Effect of Cepharantine
(Stephania cephalantha)

on recovery from damage of
normal cells and cancer
cells induced by heat.

- €81 -

Extraction of diosgenin from
Dioscorea tubers,




*'orkshop on " Spectroscopic methods in Natural Products Chemistry" April 22-26,
1987 organised by Mepal Chemical Society in collaboration with Royal Drug Research

Laboratory, DMP and RECAST, T.U.

- %81 -



Annex - 9 .

List of Publication:-

1.

Medicinal Plants of Nepal (Supplement)
as Bulletin of the Department of Medicinal Plants No.
10,1984.

S.R. Adhikary and B.P. Bashyri. Aromatic Plants of Neral
Part 1IV: Essential 0Oii. from Gaultheria fragrantissima Wall.

J. Nep. Pharm. Assoc. 1985, 12, 9-19

S.R. Adhikary and B.B. Thapa: Ultraviolet Spectrophotometric
Determination of Chloramphenicol and %etracycline Hydror~hloride
in Pharmaceutical Preparation, J.Nep. Pharm. Assoc., 1984

1_1' 29-38 .

B.B. Thapa: Pharmacognostical and Chromatographic Studies on

Asha Karki and S.B. Rajbhandary: Clonal Propogation of
Crysanthemum cinerariaefolium Vis. (Pyrethrum) through
Tissue Culture: Pyrethrum Post 1984, 15 118-121.

B.P. Acharya: Handling of Chemical Strucutral Information
by a Computer: J. Nep. Pharm. Assoc. 1984, 11, 13-18

Peeta Basnyat, B.B. Thapa and S.R. Adhikary: Standardisation
of Shilajeei. Chemistry Symposium organised by Nepal
Chemical Society, Kathmandu, April 2, 1985.

B. B. Thapa, D.M. Shakya and S.R. Adhikarys High Performance
Liquid Chromatographic Method of Estimation of Vascicine and
Vvasicinone in Pharmaceutical Preparations. Chemistry Symposium
organised by Nepal Chemical Society, Kathmandu, April 2, 1985.

Flora of Kathmandu Valley as Bulletin of the Department of
Medicinal Plants No. 11, 1986.




10.

12.

13.

14.

15.

16.

18.

H.K. Saiju: Genetic resources of Temperate fruits in Nepal.
Fourteenth International Congress, West Beriin, 14th

July - 1st August 1987.

B.P. Acharya:™ Some computer aided teclniques in the
Interpretation of a complex H-NM spectra of simple
organic compounds. * Chemical symposium organised by Nepal
Chemical Society, April 13, 1987.

T.K. Rajbhandary and T.M. Shrestha: Anatomical studies on
some commercially important Aconiteg of Nepal. J.N.P.A, 1986,
_!-_3_ » 15-20 .

S.R. Adhikary, N.P. Manandhar and L.K. Vaidya: A note on
availahility, trade practices and quality assessment of the
fruits of Zanthoxylum alatum. J. N.P.A. 1986, 13, 15-20.

S.R. Adhikary and J. Karlsen: Aromatic Plants of Nepal Part
VI. G.C. = M.S. analysis of the essential oil of Zanthoxylum
alatum fruits. J. Nep. Chem. Soc., 1987, 5-7, 24-28.

B.P. Acharya: A programme ' calculate theoretical H-NMR
spectra in a personal compter. J. Nep. Chem. Soc., 1987,
5-7, 33-36.

S.B. Malla and S.R. Adhikary Studies on Some essential oils
in Nepal: VIII Seminar on " . ragrance and .lavour Industry-
A Leap into the :uture.” New Delhi, January 24 - 25, 1987.

S.R. Adhikary: Cultivation, Processing and Marketing of
medicinal and aromatic plants of Nepal. SAARC workshop on
cultivation and Processing of Medicinal and aromatic Plants,
CIMAP, Lucknow, 9-12 rebruary 1988.

S.R. Adhikary: Some experiences in utilisation of natural
products. Regional Sympsium on . High Altitude Natural
Products Chemistry Kathmandu March 17 - 19, 1987.
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Timila Shrestha: Phytochemical evaluation of a trad!tionally
used Aconite ( Aconitum spicatum Stapt. ) from Nepal
Himalayas. Regional Symposium on High Altitude Natural
Products Chemistry Kathmandu, March 17-19, 1987.

Timila Shrestha: Chemical Studies on Aconites of Nepal.
Third International Symposium and Pakistan - U.S. Binational
Workshop on Natural Products Chemistry 9 - 14. January
1988., Karachi, Pakistan.

Karki, A. and S.B. Rajbhandary (1984). clonal propagation
of Chrysanthemum cinerariaefolium vis. (Pyrethrum) through
tissue culture. Pyrethrum Post, 15: 118-21.

Karki, A. and S.B. Rajbhandary, (1984). Regeneration of
plantlets from leaf culture of Solanum Laciniatum ait
JoIoSoTo l\bpal ( in prQSS).

‘Manandhar, A. and S.B. Rajbhandary, (1986). Rooting in
non-sterile potting mix of in vitro potato and its field
establishment. Ind. J. Hort. 43: 235-238.

‘Suwal, B, A. Karki and S.B. Rajbhandary,(1987). The in
. vitro proliferation of forest trees. 1. Dalbergia sissoo
roxb ex dc. Silvae Genetica, vol 36 ( in press).

Niraula Radha and S.B. Rajbhandary (1987). In vitro
propagation of Dendrocalamus sirictus and its
establishment in soil. In: Proceedings of 'Tissue
Culture of Tropical Plants.' Dhaka, Bangladesh.

Curuns Sanyukta and S.B. Rajbhandary (1987).
Micropropagation of Eucalyptus camaldulensis.

A fast growing essential oil bearing tsec. in:
proceedings of 'International Workshop on Tissue
Culture and Biotechnology of Mcdicinal and Aromaiic
Plants.' CIMAP, Lucknow, India.




27.

28.

29.

30.

31.

32.

33.

: Rajbhandary, S.B. (1988). In vitro propagation

of Dalbergia sissoo and its field performance.
Banko Janakari ( a journal of forestry information
for Nepal). In press.

Amatya N. and S.B. Raj Bhandary (1988). Micropropagation
of Ficus auriculata lour. In: Proceedings of ®"Application
of Bio-technology in Foiestry and Horticulture. Tata
Energy Research Institute. New-Delhi, India. In press.

Manandhar A.,P. Joshi., S. Gurung and S.B. Rajbhandary
(1988) . Comparative field performance of potato cultivars
from tis-ue culture. in: Proceedings of 'Regional Seminar
on Tissue Culture'. Ronast, Kathmandu, Nepal. In press.

Nirauls R. and S.B. Rajbhandary (1988). In vitro propagation
of Citrus root stock. In: Proceedings oi 'Regional Seminar
on Tissue Culture'. RONAST, Kathmandu, Wepal. In press.

Niraula, R.,B. Suwal, S. Gurung and S.B. Rajthandary(1988).
Non sterile rooting in tissue culture of tree species,
Bischofia javanica , Dalbergia sissoo, Eucalyptus camaldu-
lensis, Ficus auriculata and Poncirus trifoliata. In :
Proceedings of 'Regional Seminar on Tissue Culture'.
RONAST, Kathmandu, Nepal. In press.

saiju, H.K., S.B. Rajbhandary and S.B. Malla (1988) .
Allium fistulosum 1. plants from anther culture. In: Procee-

 dings of Regional Seminar on Tissue Culture. RONASI,

Kathmandu, Nepal. In press.

Shrestha M. and S.B. Rajbhandary (1988). Clonal propagation
of Cymbidium Hybrid by meristem culture in : Proceadings of
' Regional Seminar of Tissue Culture'. RONAST, Kathmandu,
Nepal. In press.




7.

10.
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Paper presented at the National Conference on Science and
Technology. 24-29 April 1988, organised by Royal Nepal
Academy of Science and Technology, Nepal.

Mahesh K. Adhikary: Some higher fungi from Largtan;
and its adjoining areas.

Mahesh K. Adhikary: The rust fungi from Kathmandu Valley
and its adjoining areas.

Mahesh. K. Adhikary and Vidya !Manandhar: Three agarics
new to Nepal.

Pradeep. M. Adhikary and Pradha Manandhar: Studies on the
antidiabetic effects of some indigenous plants reported
to be efficacous in the traditional medical system in
Nepal.

S.R. Adhikary and B.S. Tuladhar: Essential oil from the
fruits of Persea species.

S.R. Adhikary, Sarad Amatya and Amriteswori Rajbhandari:
Phytochemical investigation of Centella asiatica.

Nirmal K. Bhattarai: Notes on some common home remedies
of botanical origin in Kathmandu valley.

Nirmal K. Bhattarai: An ethnobotanical exploration in
Karnali Zone.

Sushila Bhattarai and S.B. Malla: Karymorphological studies
on two species of Paphiopedilum ( Orchidaceae).

Sajan Dahal and Pushpa Ratna Shakya: A glimpse of Orchid
flora of Nepal.




11,

12.

13.

14,

15.

16.

17,

18.

19.

20.

21.

Vidya Laximi Gurung: Threatened and extinct ferns of Nepal
Himalaya.

Vidya Laxmi Gurung and Rose Shrestha: A study on ecology
of Eusporangiate ferr- of Nepal Himalaya.

Damodar P. Joshi: The climate of Tarai and inner tarai of
Nepal: A bioclimaiic analysis.

Lajmina Joshi: Branch wood anatomy of Some Nepalese Ficus.
Lajmina Joshi: Anatomical studies of Myrica esculenta.

R. Joshi: Study on Polygonaceae of Nepal.

S.K. Joshi: Preliminany pharmacological insestigation of
medicinel plants.

S.B. Malla, S.B. Rajbhandary and H.K. Saiju: In vitro anther
culture of Allium fistulosum L.

Ambika Manandhar Sanyukta Rajbhandary, Pramila Shrestha,
and S.B. Rajbhandary: Micropropagation of Potato cCultivars
and their field performance.

Radha Niraula and S.B. Rajbhandari: In vitro propagation of

C trus.

Neera Pradhan and S.B. Rajbhandary: Micropropagation of
Brassica Oleracea, var. capitata, through cotyledonary
culture.

Weera Phadhan: Traditional tannig technique in Nepal.

Tara Keshari Rajbhandri: Pharmacognostical evaluation of
crude herns and drugs used in Ayurvedic medicine.




24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
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S.B. Rajbhandary: Plant tissue culture method of propagation
and its potential.

S.B. Rajbhandary and Meera Shrestha: Meristem culture of
Cymbidium giganteum wall. ex Lindl.

P.M. Sakya: Preliminary Studies on some medicinal plants and
essential oils for antimicrobial activities.

P.R. Shakya, D.x. Bajracharya, R.M. Joshi and T.B. Shrestha:
Angio-~permic plants originally described from Nepal.

P.R. Shakya and Krishna Bhakta Maharjan: On the study of the
Cyperaceae of western Nepal.

P.R. Shakya and N. P andey: On the study of the family
Gentianaceae in Nepal.

P.R. Shakya: Human influence on natural vegetation in
eastern Nepal.

Shanti Shakya and P.R. Shakya: A study of pollen morphology
of some plants from Kathmandu valley.

P.R. Shakya, D.M. Bajracharya, R.i. Joshi, K.R. Rajbhandary
and T.B. Shrestha: Endemism in Nepalese flora.

M.N. Subedi and P.R. Shakya: Above ground biomass and produ-
ctivity studies of Quercus semecarpiflora Sm. forest at
Pulchoki ( Lalitpur district.).

Indira Sharma: Study on tribe Anthemideae ( Compositae) of
Nepal.

/ nanda Dev Shrestha: Pharmaceuticals in Health Care.

Geeta Shrestha and K.L. Manandhar: The Preliminary studies
on ~rowth pattern of some fungi.






